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SUMMARY
Percentage in-vitro conidial germination of inaequalis was 
inversely related to the log conidial concentration. The filtrate 
from a conidial suspension of inaequalis was shown to inhibit 
conidial germination. Ferrous iron was shown to reduce conidial 
germination. Anthranillic acid reversed the inhibitory action of 
ferrous iron and enhanced germination of conidial suspensions not 
containing additional iron.
Continuous rolling or "pre-treatment" of conidial suspensions of 
V. inaequalis used for inoculum increased levels of infection. It was 
suggested that this improvement may be a result of higher numbers of 
germinated conidia present on the leaf surface. Pre-treatment of 
inocula was adopted as a standard inoculation technique.
Symptom expression was studied under two categories
i) Effect on seedling growth (stunting/promotion)
ii) Foliar symptoms (total disease expression score - TDE)
Stunting and TDE values were correlated to lesion number and 
positively correlated to inoculum concentration. High inoculum 
concentrations caused stunting and low ones resulted in growth 
promotion. Similar responses were found with all apple varieties 
tested.
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Experimental evidence was presented to support the hypotheses :-
1) Conidia only produce stunting.
2) The filtrate from a pre-treated conidial suspension of
V. inaequalis contained a factor which induced growth promotion 
of apple seedlings.
Washing pre-treated conidia with GDW immediately before inoculation 
enhanced stunting of apple seedlings. Foliar sprays of the 
pre-treatment filtrate promoted seedling growth, concentrating it 
further enhanced promotion. The factor responsible was resistant to 
boiling, suggesting it to be non-protein but after standing for 24 h 
lost its ability to promote growth.
Bioassays of the filtrate for IAA and cytokinins were negative. A 
dock leaf disk test was positive for gibberellins. Analysis of the 
filtrate using mass spectrometry indicated the presence of high 
molecular weight ions but it was not possible to identify any 
particular fragment or conclude whether these could be responsible for 
growth enhancement.
It is suggested that the filtrate acts by increasing cell elongation 
rather than cellular proliferation.
- XII -
Use of the fungicides dodine and captan produced a host response to 
infections by inaequalis ranging from stunting to growth 
promotion. The potential of pre-treatment and symptom assessment for 
use as a fungicide screening technique was demonstrated. It was 
suggested that summation of the ranked scores for TDE and phytotoxic 
stunting provided an accurate assessment of a chemical's suitability 
for further testing.
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INTRODUCTION
APPLE PRODUCTION AND CROP IMPORTANCE
Worldwide there has been a steady increase in apple production over
6
the years; in 1971 28.308 x 10 metric tonnes were produced, which,
6
by 1980 had increased to 35.66 x 10 metric tonnes. The major 
producers are the USSR (20.2%), USA (11.1%), France (9.3%), China 
(8.5%), Italy (5.4%) and West Germany (5.3%) (F.A.O. 1980). In the 
USA many important fungal pathogens reduce saleable yield. Hickey 
(1976) estimated that the annual cost per acre for disease control 
could range from $60 to $120, depending on diseases present and 
severity. Therefore, disease control is of prime importance 
particularly since two of the commonest American varieties grown, 
McIntosh and Red Delicious, are both highly susceptible to apple scab.
LOCATION AND DESCRIPTION OF CROP DAMAGES
In all the major commercial apple orchards of the world the commonest
disease is Apple scab caused by Venturia inaequalis (Cooke) Wint. It
occurs throughout Europe, Northern parts of the United States,
Southern Canada, China, Turkey, Japan, Australia, New Zealand,
South Africa, Cyprus, India and the USSR.
The parts of the tree which can become infected include the wood,
leaves, buds, blossom and fruit. Lesions forming on the fruit, not 
only make it unsightly and of lower market value, but can lead to 
serious decay problems both on the tree and under storage conditions.
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Secondary infections e.g. Sclerotinia fructigena or spores of the 
common blue mould Penicillium expansum may enter the fruit via these 
lesions and cause it to rot. Also severe foliar infections lead to 
defoliation, weakening the tree, and causing premature fruit drop.
NOMENCLATURE
V. inaequalis (Cooke) Winter is an ascomycete classified more recently 
in the class Loculoascomycetes in Ascomycotina. Lindau (Engler and 
Prantl. 1900) placed Venturia in the order Sphaeriales, family 
Pleosporaceae due to the formation of pseudothecia from which develop 
bitunicate asci. Fries, 1819, named the conidial stages of the 
organism Spilocaea pomi Fr. ex Fr. Fuckel transferred the fungus to 
the genus Fusicladium (Fuckel). Cooke, 1866, described the stage in 
which asci are formed and named the organism Sphaerella inaequalis 
(Cooke). Winter transferred the fungus to the genus Venturia naming 
it Venturia inaequalis. Aderhold (1896) connected the Fusicladium 
stage with the perithecial stage known as Venturia inaequalis by 
Winter and, not aware that Winter had transferred the organism, placed 
it in the genus Venturia naming it Venturia inaequalis (Cooke) 
Aderhold, (Frey 1924).
MORPHOLOGY
The mycelium is septate and branches irregularly (Frey, 1924). The 
uninucleate cells are from 10 to 40 pm in length. The conidia are 
produced on conidiophores when the latter are from 2-30 pm long.
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Each conidium comprises two uninucleate cells and measures 7-10 pm 
in diameter and 28-40 pm long. At maturity conidia are olive or 
olive/brown in colour. The pseudothecia are spherical each consisting 
of a dense mass of closely interwoven dark coloured hyphae, at 
maturity they may exceed 150 pm in diameter. The ascus is 
bitunicate and the eight ascospores when first delimited appear round 
or lens shaped. When mature they comprise two uninucleate cells. The 
ascospores at maturity are pale green, the upper cell being 
considerably smaller than the lower, (Frey 1924).
HOST RANGE
Aderhold (1900) reported Fusicladium dendriticum (Wallr.) Fckl. E 
(Spilocaea pomi) on the following Pyrus species : P_;_ spectabilis Ait, 
P. kaido Siet, P_;_ floribunda Sieb, P_;_ baccata L, P^ prunifolia Willd., 
P. rivularis Hook, and P^ dioica Mnch. Later Aderhold (1903) recorded 
cultural experiments showing the scab fungus on Crataegus to be 
distinctly different from F^ dendriticum. He concluded that the 
fungus on Crataegus, which he named crataegi (Adh.) was entirely 
distinct from that on apple and that cross infections were unlikely.
Palmiter (1934) using six monoconidial cultures of V. inaequalis 
inoculated the following as potted trees in the greenhouse : 13 
species of Malus, 9 of Crataegus. 3 of Sorbus, 2 of Amelanchier. 1 of 
Aronia and 1 of Cotoneaster. Only 9 of the 13 Malus species 
inoculated were infected by the cultures studied, the other 4 were 
completely resistant to all of the 6 cultures. None of the other 
genera showed any signs of infection. Palmiter concluded that his
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work reinforced Aderhold*s in that infection by V^ inaequalis occurs 
only on hosts within the genus Malus.
Preece & Milton (1978) examined another form of inaequalis found 
infecting Whitebeam trees (Sorbus latifolia agg) at Filey, Yorkshire 
in 1966. This was morphologically indistinguishable from V. 
inaequalis. other than in conidial length and pseudothecial size. 
Following cross inoculation experiments with apple cultivars, Sorbus 
spp., and MM 109 scab susceptible apple rootstocks they concluded that 
this was a distinct forma specialis affecting lati folia agg. which 
would neither infect apple nor mountain ash (SL. aucuparia).
OVERWINTERING AND PRIMARY INOCULATION SOURCES
Venturia inaequalis overwinters mainly as pseudothecia, which develop 
during November (Frey, 1924), on fallen leaves which when exposed to 
suitable conditions will release ascospores that can re-infect the 
foliage. However, this is not the only source of infection. Cook 
(1974), confirming the earlier work of Burchill & Swait (1973), has 
shown that stem lesions can serve as an important source of inoculum 
for leaf infection in the spring and that the development of wood 
infections is not solely dependent upon the incidence of severe leaf 
infection but may depend upon the presence of strains of the fungus 
better adapted to survival on the wood. This might in some areas be 
more important for the overwintering of the fungus than the 
pseudothecial stage on fallen leaves. Hill (1975) confirmed the work 
of Cook (1974) by finding that viable conidia were released from wood 
infections as early as February. The levels of conidia from these
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sources peaked at spring-time and in some years equalled those 
released from leaves. New wood infections released conidia, beginning 
in September and peaking in October to November. The further 
importance of wood infections was demonstrated by their ability to 
produce conidia continuously from one season to the next in contrast 
to foliar infections where sporulation is of relatively short duration 
and is dependent upon continued re-infection. All of this work has 
shown that conidia may be far more important as a primary source of 
infection than was previously considered.
DISPERSAL
The dispersal of both ascospores and conidiospores is very much 
influenced by local weather conditions. Hills (1944), Mills & Dewey
(1947) and Mills & LaPlante (1951, 1954) correlated infection to 
orchard conditions and originated the "Mills Periods” charts of 
temperature and leaf wetness requirements for light, moderate and 
heavy scab infection by ascospores in the orchard. Frey & Keitt 
(1925) and Keitt & Jones (1926) established that rainfall is the most 
important agent of conidial dissemination. Using a volumetric spore 
trap they largely discounted the role of airborne conidia in the 
spread of apple scab. Howitt & Evans (1926) using greased slides as 
spore traps contradicted Frey & Keitt (1925) concluding that air-borne 
conidia are important in spreading the disease from tree to tree in 
the orchard. Later in 1960 Hirst & Stedman (1961) using a volumetric 
spore trap found conidia to be common in the air in the daytime during 
dry weather which 0*Kennedy (1962) subsequently corroborated. The 
failure of earlier workers to notice this may have been due to
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improper trap placement, imperfect trap design or the rigorous 
procedure for counting the conidia may have caused conidial shrinkage 
which could have led to difficulties in spore recognition. Conidial 
catch was characterized by a diurnal periodicity with a peak in the 
early afternoon. Though rainfall usually lowered the concentration of 
conidia occasionally it caused an increase. Sutton, Jones & Nelson 
(1976) confirmed this periodicity, and also found that dissemination 
of airborne conidia was generally associated with increases in 
temperatures, sunshine, and wind velocity, low relative humidity and 
dry foliage. Their results suggest that airborne conidia contribute 
to disease increase particularly during dry periods.
Hirst & Stedman (1961), noting that inaequalis conidia have been 
caught by spore traps in aircraft at 2,000 feet, postulated that 
airborne conidia are important epidemiologically in establishing 
disease in scab-free orchards in the autumn, once spraying has 
ceased. Sutton et al (1976) observed an essentially linear increase 
in scab during a 30 day period during the 1974 season in which there 
was only one rainy period of sufficient length to give infection.
They suggest that part of this increase may have resulted from 
infection from airborne conidia deposited on leaves during the day, 
with germination and infection occurring at night when the leaves are 
wet from dew. They noted that during the 30 day dry period, wetting 
from dew of sufficient duration to allow infection occurred on nine 
occasions.
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IN-VITRO CULTURING
Venturia inaequalis can be easily grown and maintained in culture. It 
is relatively slow growing; optimal temperature for growth was found 
to be between 16°C and 2A°C and optimal pH from 5.1 to 6.4 Leben & 
Keitt (1948). In-vitro monosporic isolation techniques as used by 
other workers are outlined below.
SINGLE SPORE ISOLATION
The groundwork for monosporic culture was laid down by Keitt &
Palmiter (1938) and Nusbaum & Keitt (1938) and is described by 
Williams (1978) who suggested the following technique. A test tube is 
filled with 2.5 ml sterile water and inverted over a freshly 
sporulating scab lesion on an apple leaf to obtain a suspension. This 
suspension is then poured over the surface of 2% (w/v) water agar in a 
Petri dish and incubated at 18°C for 6 hours. The excess water is 
drained from the plate and a sterilized flat tipped transfer needle is 
used to cut out a piece of agar containing a germinated conidium which 
is then placed on a potato dextrose agar slope in a capped tube. This 
is incubated for 3 weeks at 18°C or until the growth reaches the edge 
of the slope. Cultures may be stored for an extended period under 
sterile mineral oil. Such cultures will remain viable and pathogenic 
for over 10 years at 1-4°C or they may be maintained on PDA slopes in 
capped vials for a year or more at 1-4°C without oil.
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CULTURE ACTIVATION
To activate the culture a cheese-cloth pad is placed inside a 220 ml 
prescription bottle, into which 25 mis of 4% (w/v) malt extract medium 
is pipetted. As the pad becomes moist it will adhere to the side of 
the bottle. This is then sterilized and after cooling a piece of 
freshly growing PDA slope culture is cut and spread in a thin line 
along the cheese-cloth pad parallel to and about 1 cm above the liquid 
surface when the bottle is placed on its narrow side. Incubation is 
for 2 weeks at 18°C. The mycelium grows down the pad sporulating at 
the interface (Williams, 1978).
INOCULUM PREPARATION
For bulking up the inoculum the method suggested by Kirkham (1956), is 
followed. The cultures are grown on filter paper cylinders standing 
in nutrient solution. The conidial suspension is obtained by shaking 
the culture tubes vigourously for one minute with 6 ml of sterile 
glass-distilled water. Moore (1964) preferred the use of conidia from 
fresh lesions on MM 109 rootstock from the glasshouse to those from 
agar culture. McCallan & Wilcoxon (1939 and 1940) and McClellan 
(1942) attributed variability in repeated tests to changes in 
pathogenicity of the fungus while in artificial culture or to 
influences of time, temperature or other factors. Szkolnik (1978) 
noted that apple scab inoculum can be obtained from artifical media, 
but slow growth and sparse sporulation make it preferable to secure 
spores from infected foliage. This author suggested that spores be
washed from the leaves into a beaker with distilled water from an
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atomizer. The spore suspension is then diluted to the required spore 
concentration with distilled water containing 10 ml V8 juice per litre.
INOCULUM CONCENTRATIONS USED
The range of conidial suspension concentration used for inoculation by
different workers varies considerably. In all cases fresh suspensions
are prepared and used immediately. Noveroske, Williams & Kuc (1964)
suggested that where substantial symptom expression is desired
inoculation should be by spraying the upper leaf surface with a
4 . . -1
suspension of 5-10 x 10 conidia ml . Barnes & Williams (1961)
5 -1
inoculated the upper leaf surfaces only at 4 x 10 conidia ml
using a No. 15 De Vilbiss atomizer with a pressure of 15 lbs sq.
ins 1. Nicholson, Van Scoyoc, Williams & Kuc (1973) used even
. . 6greater conidial concentrations inoculating seedlings with 2-4 x 10
-1 . . . 5conidia ml . Locci & Bisiach (1971) used a suspension of 2 x 10
conidia ml 1 in their study. Biehn, Williams & Kuc (1966) used
concentrations of 1.2 x 106 and 4.5 x 10”* conidia ml-1.
Szkolnik (1978) recommends the standardization of conidial suspensions
4 . -1
used for inoculation purposes at 7 x 10 conidia ml because 
there is a negative correlation between inoculum level and fungicidal 
performance.
INOCULATION TECHNIQUES
Most of the techniques used have been developed for use under 
glasshouse conditions. Wiltshire (1915), recognising the special
conditions required by V^ . inaequalis in order to obtain foliar
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infection, used cut shoots or fruits under bell jars or shoots 
enclosed in lamp chimneys held in position by clamps on the trees.
The atmosphere was kept saturated with water vapour by the 
introduction of sterile water from time to time. Keitt & Jones (1926) 
were the first workers to use a specialized inoculation chamber in 
which the inoculated material is placed for incubation. Moore (1964) 
described the inoculation and incubation of apple plants in the 
glasshouse. Plants were uniformly sprayed by hand with a pneumatic 
sprayer with a fine nozzle with a conidial suspension of 10-15 conidia 
per low-power (2 mm) field. The use of this term for expressing 
conidial concentration is ambiguous since translation to the preferred 
term, of conidia ml 1 , is not possible if the volume of the 
suspension cannot be calculated, as in this case. Then these plants 
were placed in polythene lined brick-based chambers in the 
glasshouse. Consistent infection resulted because evaporation of the 
infection droplets was prevented by the polythene lining which 
maintained a high humidity. Temperature variation was also 
controlled. Noveroske, Williams & Kuc (1964) placed the apple plants 
following inoculation in a moist chamber for 40 hours at 65-75°F. 
Kirkham & Hignett (1971) used inoculation chambers with 75-85% RH and 
a temperature of 15-22°C. The apple plants were inoculated by spray 
application of conidial suspensions at the rate of 3 ml to 10 plants 
and the plants were then held in the chambers for 24 hours.
Williams (1976) sprayed the plants with conidial suspensions from an 
electric paint sprayer and placed them inside a wooden frame, which 
was covered with moistened bleached muslin, for 40 hours at 18-20°C.
The muslin was then removed and portable humidifiers operated for a
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further 48 hours. Maximum symptom development occurred after 8-10 
days. Szkolnik (1976) recommended the use of a well agitated spore 
inoculum applied at 25 psi by a hand-held atomiser until the whole 
leaf was covered uniformly with droplets 2-3 mm in diameter, avoiding 
excessive inoculum run off from the leaves which may result in uneven 
lesion development. The inoculum was then allowed to dry on the 
leaves to avoid its displacement during subsequent movement of the 
trees to the moist chamber for incubation. Longer incubation periods 
in the chambers were used by Biehn, Williams and Kuc (1966) who kept 
their inoculated plants there for 65 hours, misting the chambers with 
water three times daily to maintain high humidity. Nicholson, Kuc & 
Williams (1972) used etiolated apple hypocotyls in their infection 
studies with inaequalis. incubating subsequently in total darkness 
at 19°C. Stanton (1951), working with Venturia pirina (Aderh.) in the 
orchard, used thin polythene sleeving made into 4 in diameter tubes to 
serve as moist chambers. These were placed over suitable branches and 
after inoculation the inside of the tube was misted with water, to 
raise the humidity, before both ends were sealed.
CONIDIAL VIABILITY AND LONGIVITY
Doran (1922) suggested that when obtaining spores for experimental 
purposes the natural method should be duplicated as far as possible.
He found that washing conidia from lesions using a stream of water 
from a pipette, instead of brushing them off, resulted in four times 
as many germinating. This he attributed to the more vigorous and 
unnatural method of brushing removing immature conidia. He also noted
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the increasing reluctance of spores to germinate as the season 
progressed. It was suggested that the decreasing ambient temperature 
slowed down the rate at which the conidia matured. The result would 
be an increased number of immature conidia present in each lesion. 
However, Doran (1922) did qualify this statement. Apparent maturity 
or immaturity of spores as reflected in their ability to germinate 
under optimum conditions, might in fact be due to their relative 
vigour rather than maturity. Doran (1922) also suggests that for all 
spores there is a maximum time limit, variable with the environmental 
conditions, beyond which they cannot germinate. Aderhold (1896) 
reported that conidia of V;_ inaequalis produced on the leaves were 
shorter lived than those produced on fruit. Doran (1922) observed 
that conidia of inaequalis from fruit lived for six weeks whereas 
those from the leaf survived for four weeks. Keitt & Jones (1926) did 
not succeed in finding viable conidia of inaequalis which had 
survived the winter under natural conditions. A high percentage was, 
however, found to retain their viability until the following spring if 
they were protected against rain. Louw (1948), supporting the work of 
Keitt & Jones (1926), reported that after 163 days storage at 0% RH 
22% of the coinidia still remained viable but after 196 days only 2% 
of the conidia germinated. However, though this would allow them to 
overwinter, such dry conditions would not be found naturally and he 
concluded that it would be extremely unlikely that conidia could 
remain viable over the winter months under natural conditions. Louw
(1948) also noted that both moderately high temperatures (26-30°C) and 
high humidities reduce conidial viability. These two factors were 
thought to contribute to the variability in viability of conidia under 
orchard conditions. Saccas (1945) observed that rapidity of
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germination was proportional to temperature, while percentage of 
germination was inversely proportional to it. In agreement with 
earlier workers he noted that younger conidia germinated more rapidly 
than older ones. However, he observed that conidia were highly 
resistant to cold; when kept at -5°C for 150 days or -10°C for one 
month they showed no appreciable reduction in viability, but 
germinated better than conidia not subjected to low temperatures. 
However, Rich (1970) subjected conidial suspensions of inaequalis 
to periods of storage in the deep freeze before observing both 
percentage germination and infectivity. Conidia were stored for 
periods from several days to several months at -10°C. After thawing 
the conidia germinated well and produced heavy infection on apple 
seedlings. In 1971 Rich reported an initial germination of 91% for a 
conidial suspension of V\_ inaequalis which resulted in 69% infection 
on McIntosh apple seedlings. After 12 months storage at -10°C 
conidial germination fell to 54%, although, this suspension when used 
artificially to inoculate apple seedlings gave 61% infection which was 
not significantly different from the level of infection obtained with 
the fresh inoculum. Heuberger, Bates & Jones (1963) and Connor & 
Heuberger (1965) indicated that the effect of high RH and high 
temperature on conidial viability is reversible to some extent.
Heuberger et al (1963) found that after an exposure for 8 hours at 
35°C and high RH, approximately 30% of the conidia subsequently 
exposed for up to 72 hours at 20°C and low RH were viable, in contrast 
to 9% viability for conidia receiving no treatment following exposure.
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GERMINATION
Aderhold (1900), Wiltshire (1915), Keitt & Jones (1926) and Wiesmann 
(1930), have shown that free moisture is essential for the germination 
of conidia of inaequalis. Aderhold (1900) stated that complete 
immersion of the spores in liquid water is not necessary, as spores 
floating on the surface of a drop of water germinate quite readily. 
Clayton (1942), studying the germination of fungus spores in relation 
to controlled humidity conditions, concluded from his experiments that 
conidia of V\_ inaequalis could germinate on dry glass slides at 
relative humidites of 99-1007«.
Voges (1910), Wiltshire (1915) and Keitt & Jones (1926) observed that 
conidia of V. inaequalis developed a firm anchorage to the surface on 
which they rest when they are about to germinate. Voges (1910) and 
Wiltshire (1915) suggested that a gelatinous envelope of the spore may 
be responsible for this phenomenon, but they were unable to prove 
this. Keitt & Jones (1926) observed that the adhesion of conidia to 
firm objects prior to their actual germination was localized to the 
site of the ultimate emergence of the germ tube. This indicated that 
the mechanism of attachment was associated with the process of 
germination. Aderhold (1896) pointed out that germ tubes were of two 
kinds, being either comparatively short and thick or long and slender.
While the first type generally adhered firmly to the substratum the 
latter was not so attached and showed a tendency to develop into an 
elaborate mycelium. Sometimes the entire germ tube adhered to the 
surface of the object with which it was in contact. At other times
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only the tip of the germ tube, which became broadened and 
brown-coloured, attached itself in this way. Frank (1883) working 
with Fusicladium tremulae observed that when conidia germinated on the 
surfaces of healthy leaves of Populus tremula the apical parts of the 
germ tubes developed into more or less swollen structures, the flat 
bases of which were closely appressed to the cuticle, this structure 
he called the "Appressorien Oder Haftorgane" or Appressorium.
Wiltshire (1915) observed the appressorial nucleus to be very 
prominent and concluded that this was indicative of great metabolic 
activity. Wiltshire (1915) also noted during a hanging drop 
experiment that if, after the formation of the appressorium, the • 
conidium is kept immersed in water, the appressorium begins to put out 
a hypha from its upper surface, and later its appearance may suggest 
that it was a lateral outgrowth from the mature hypha. The germ tube 
generally forms only one appressorium, normally at a short distance 
from the spore, but sometimes it branches and even develops a short 
superficial mycelium producing five or six appressoria. Aderhold 
(1900) noted that germ tubes frequently swell up into appressoria over 
the junctions of the epidermal cells, especially where three or more 
cells meet. Locci & Bisiach (1971) observed that germination 
generally takes place by the extrusion of a single germ tube and this 
starts at the tip of the conidium that is the opposite end from that 
which was attached to the conidiophore. Occasionally it was noted 
that the germ tube appeared to be extruded from slightly to one side 
of the apex. Louw (1948), compared the rates of germination of 
ascospores and conidia and observed that with both spore types 
attachment to a surface occurred within 2 hours. Keitt & Jones (1926) 
noted that when a suspension of ascospores was allowed to stand in
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drops on a glass surface at laboratory temperature they soon showed an 
increase in resistance to removal by washing. This increased adhesion 
was easily seen within 15 minutes, and guite marked within 30 
minutes. Conidia were observed to adhere similarly but slightly less 
rapidly. Louw (1948) carried out hanging drop experiments at 20°C and 
observed that after 3 hours more ascospores than conidia were showing 
visible signs of germination, but those conidia that had germinated 
had germ tubes with an average length of 7 pm whereas ascospores 
showed hardly any well differentiated germ tubes. After 6 hours 
approximately 75% of both spore types had germinated; this represented 
the highest percentage germination of spores that was achieved. 
However, both ascospores and conidia showed the same rate of germ tube 
growth during the first 9 hours of the germination process. Earlier 
Nusbaum & Keitt (1938) reported that most conidial germination had 
occurred within 14 hours with penetration beginning at 16-18 hours 
after inoculation.
Noveroske, Williams & Kuc (1964) reported the production of a heat 
stable metabolite in deionised water by germinating spores of 
V. inaequalis which caused a collapse of leaf tissue in Malus 
selections and stimulated development of reactions identical to those 
produced on resistant selections by the pathogen.
LEAF PENETRATION AND STROMA FORMATION
Venturia inaequalis after forming appressoria will then proceed to 
penetrate the cuticle of the leaf or apple fruit. Wiltshire (1915) 
observed that when the appressorium is firmly established hyphal
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growth into the cuticle takes place, beginning as a small bulge from 
the centre of the attached disc. Keitt & Jones (1926) similarly 
observed the direct penetration of the cuticle by the penetration 
hypha from the base of the appressorium. Nusbaum & Keitt (1938) noted 
that the appressoria were apparently held fast to the host by a 
mucilaginous sheath. Also observed was a circular, disk-like area of 
thickening, usually about 6 pm in diameter, in the wall of the 
appressorium that was in contact with the leaf surface. In the middle 
of this structure was a circular transparent, thin walled, pore-like 
area about 2 pm in diameter, from which the penetration hypha 
appeared. Actual penetration of the host was observed to occur 
16-18 hours after inoculation. Wiltshire (1915) suggested that the 
fungus produces a substance which dissolves the cuticle and aids in 
penetration, however, Nusbaum & Keitt (1938) found no evidence to 
support this. There is general disagreement as to the mechanism of 
penetration. Williams & Kuc (1969) suggested that penetration is 
effected by means of mechanical pressure, or the action of hydrolytic 
enzymes, or both. They also suggest there is the possibility of 
selective or differential channels in the cuticle, possibly composed 
of pectin. The actual process of penetration was observed in detail 
by Locci & Bisiach (1971) who noted that the appressorium collapses 
towards the centre as its contents are transferred inside the leaf.
Nicholson et al (1977) observed that with single spore isolates the 
rate of germination and appressorium formation on susceptible hosts 
are nearly the same as on resistant hosts showing a hypersensitive 
response, which indicates that prior to penetration develoment of the 
pathogen is independent of the apple host. They concluded that
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inhibition of the fungus occurs just after penetration of the cuticle
and that neither phloridzin and phloretin nor their oxidation products
represent the primary means of host resistance in the hypersensitive 
response. Pellizzari et al (1970) reported the finding of enzymatic 
hydrolytic activity in supernatants from germinated spores of races 1 
through 5 of inaequalis on the substrates p-nitrophenyl acetate, 
p-nitrophenyl laurate, and DL-«-leeithin dipalmitoyl, but there was 
no hydrolysis of pectin or p-nitrophenyl phosphate. They concluded 
that hydrolytic activity is not due to a phosphatase or pectin methyl 
esterase activity. Maeda (1970) demonstrated the degradation of apple 
cuticle at the site of penetration by V_^  inaequalis which suggested 
that enzymic dissolution of the cuticle had occurred. Thus the 
appressorial **infection sac” of inaequalis could be a site of
localization of cuticle - dissolving enzymes, possibly of the cutin
esterase type, since it or its contents are in contact with the 
cuticle throughout penetration. Nicholson et al (1972) found esterase 
activity prior to spore germination, disappearing shortly after 
germination and re-appearing with appressorium formation. This author 
suggested that until recently the trend in plant pathology has been to 
consider penetration of the cuticle strictly a mechanical event. 
However, the inability to demonstrate cutinolytic enzymes may be 
because synthesis occurs only at the time of penetration or at a 
specific stage of fungal morphology.
The penetration hypha usually grows directly into the cuticle at right 
angles to the surface of the leaf, but occasionally it is inclined 
obliquely. As it penetrates inwards it very often becomes enlarged, 
possibly in order to secure the further attachment of the infecting
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hypha. When the epidermal cell wall is reached hyphal growth 
continues between the cuticle and epidermal cells, forming a 
plate-like mycelium of very characteristic appearance termed, the
stroma. This is formed some 15-20 days after inoculation, (Hunter, 
1979). The cells at first are very thin and the plate is only one 
cell thick, but soon the fungus gets food from its host and the hyphae 
begin to increase in size and divide so as to form a pad of cells 
pushing the cuticle outwards and crushing the epidermal wall inwards.
HOST DEPLETION AND SPORULATION
Nusbaum & Keitt (1938) observed that with susceptible hosts, up to 
sporulation and the appearance of macroscopic symptoms, even though 
the fungus had spread rapidly through the subcuticular region the 
underlying epidermal and palisade cells remained normal in 
appearance. All the nuclei retained their normal structure, staining 
reaction and position, and the palisade cells contained their full 
complement of normal chloroplasts. Franke (1961) demonstrated the 
existence of cytoplasmic links (ectodesmata) which extended through 
the outer epidermal walls providing an intimate contact between host 
cytoplasm and fungus which presumably in Malus serve as a bridge 
linking the fungus to the underlying host tissue.
Nusbaum & Keitt (1938) observed that co-incident with macroscopic 
lesion appearance 9-10 days after inoculation, the upper palisade 
layer began to appear impoverished in the middle of the lesion. This 
was characterised by plastid disappearance and marked vacuolation. 
Impoverishment of the palisade region was usually coextensive with the
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lesion by the fourteenth or fifteenth day after inoculation. Whilst 
the affected upper palisade cells were vacuolated and left devoid of 
plastids the spongy parenchyma cells underneath remained intact with a 
full complement of normal chloroplasts. Following impoverishment of 
the host tissue, death and collapse of the affected cells gradually 
ensued and when the lesions were one month old infection spread
practically ceased. Injury or death of the fungal cells usually
followed the collapse of the host tissue. Corlett et al (1976) 
described sporulation and observed the absence of intracellular 
haustoria. The uppermost stromal cells proliferated upwards, 
rupturing the overlying cuticle, the torn ridge of the cuticle 
adhering tightly to the conidiophore*s (anellides) venter. Eventually 
a sub-cuticular stroma bore a fasicle of anellides. The cuticle now
remained intact only around the periphery of the fasicle adhering to
the peripheral anellides. Frey (1924) noted that when the 
conidiophores are 2-30 pm long a single conidium is produced on the 
apex of the conidiophore and as each conidium is abstricted the 
conidiophore grows further and produces another conidium, leaving a 
shoulder or node where the former is cut off. Locci & Bisiach (1971) 
using a scanning electron microscope observed hyphal strands on the 
leaf surface and no apparent rupture of the cuticle. These strands 
are characterised by their very tight adhesion to the leaf surface, 
even more so than is typical for penetration hyphae. Bundles were 
observed which occasionally coalesced, the free portions began to bud 
and increase progressively, later to differentiate into 
conidiophores. Contrary to early observations Locci & Bisiach (1971) 
observed up to three conidia present on a single conidiophore at 
various levels and ages.
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Spotts & Ferree (1979) observed that as well as plastid depletion scab 
infection causes a significant reduction in photosynthesis 28 days 
after infection. It was noted that in both McIntosh and Delicious 
cultivars the average percentage of leaf area diseased exceeded 
percentage reduction in CO^ assimilation. Nusbaum & Keitt (1938) 
had previously associated scab lesions with necrotic host tissue and 
Spotts & Ferree (1979) thought it likely that CO^ assimilation of 
the remaining healthy tissue increased and partially compensated for 
the scab induced reduction. Their observations were based on whole 
leaf measurements. Reduction in photosynthesis was only associated 
with scab infected leaves and only after visible symptoms appeared..
An initial increase in photosynthesis, reported for several other 
diseases, e.g. wheat powdery mildew, Allen (1942), cereal rust, (Livne 
1964) and barley powdery mildew, (Aust et al 1977) was not observed 
with scab. Locci & Bisiach (1971) observed that transpiration is not 
affected by scab infection.
HOST RESISTANCE
Aderhold (1900) and Wiltshire (1915), noted that leaves of both pear 
and apple are much more susceptible to scab infection when young than 
when mature. Keitt & Jones (1926) showed that young growing apple 
leaves of all the varieties they studied pass through a stage of 
maximal susceptibility into a period of increasing resistance. They 
found that resistance develops at different rates and in different 
degrees in certain parts of the leaf. The adaxial surface of the 
lamina leads in the rapidity and degree of development of resistance.
On this surface resistance development is not uniform; the area of the
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mid-rib lags behind the rest. The abaxial surface lags behind the 
adaxial both in the rate and degree of acquistion of resistance. 
Kirkham & Hignett (1971), working with MM 109 apple rootstocks, 
observed, on the plant, a position of maximum susceptibility to foliar 
infection with TL inaequalis. Furthermore the vertical distribution 
of disease levels could be altered by the treatment of inoculated 
shoots with either kinetin or pigmented metabolites isolated from 
culture filtrates of inaequalis. causing a simultaneous stimulation 
of scab on certain leaves and inhibition on others. The implication 
of this work is that the host/parasite interaction is under hormonal 
control. Rich & Richards (1959) suggested that in McIntosh apple 
seedlings only the first three or four youngest leaves are susceptible 
to scab and that only actively growing plants should be used for 
fungicide screening. Biehn et al (1966) noted that germination and 
appressorial formation on Malus atrosanguinea leaves of different ages 
revealed that approximately the same percentage germination and 
appressorial formation (percentage of germinated spores forming 
appressoria) occurred on leaves of all ages, except for a slight but 
consistent decrease in germination on the older leaves. They 
postulated that since the defence mechanism of the mature 
M. atrosanguinea leaves occurs after appressorial formation and there 
appears to be a close correlation between firmness of the leaf surface 
and resistance to inaequalis. it is possible that an increased 
thickness of the cuticle on mature leaves prevents penetration by 
V. inaequalis. Tsereteli (1971), however, contradicted the idea of 
resistance related to epidermal cuticular thickness by stating that he 
could find no relationship between the two. However, in fruits there
is correlation between resistance and the form of the outer tissues, 
displacement and thickness of the sub-epidermal cells.
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SYMPTOM EXPRESSION AND ASSESSMENT TECHNIQUES
Hough (1944) found six small fruited selections of Asiatic Malus 
species which showed field immunity to scab. In further studies these 
selections of Asiatic Malus and others were observed by Shay & Hough 
(1952) to give definite reaction classes under glasshouse conditions 
for each source of resistance. These were described as 0 - signifying 
no macroscopic evidence of infection, 1 - pin-point pits and no 
sporulation; 2 - irregular chlorotic or necrotic lesions and no 
sporulation; 3 - few restricted sporulating lesions and 4 - extensive 
abundantly sporulating lesions. Williams & Kuc (1969) described a 
further reaction class M - a mixture of necrotic, non-sporulating and 
sparsely sporulating lesions. Shay & Hough (1952) further elaborated 
on the classes but still retained an essential distinction between 
classes 0-2 inclusive which showed no sporulation and 3 and 4 with 
sparse to abundant sporulation. Nusbaum & Keitt (1938) observed 
flecking and bronzing as additional symptom expression classes.
Disease assessment is most commonly based on lesion counts. Croxall, 
Gwynne & Jenkins (1952) outlined a method for rapidly assessing scab 
infection in the field and compared a visual estimate to that of range 
based ones. Standard diagrams are available for estimation of 
percentage leaf area infected. However, since the keys are based on 
leaf areas or individual lesions which are showing active sporulation 
they are of little use when reaction classes showing no sporulation 
are being encountered. The majority of work with Venturia has 
involved the use of rootstock material where not unreasonably a 
predominent reaction class might be expected to be dependant upon the
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clonal material used. When apple seedlings are infected with 
V. inaequalis any of the recognised symptom classes may be expressed 
since seed is formed via open pollination, and, therefore, is prone to 
genetic variation more noticeably than rootstock clonal material.
The following work will evaluate and propose firstly, a novel 
artificial inoculation technique for use with apple seedlings under 
controlled environmental conditions and, secondly, a novel assessment 
technique for use in quantifying the levels of inoculum to which apple 
seedlings have been exposed. The use of both techniques in the 
evaluation of a fungicide's performance in controlling inaqualis 
will also be appraised.
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MATERIALS AND METHODS
1 PLANT PRODUCTION
1.1 Three apple seed varieties were used:- i) McIntosh obtained from
Dr. Herb Aldwinckle, Cornell University, USA, ii) Red Delicious
from F.W. Schumacher Co., Sandwich, Mass. 02563, USA and,
iii) Common Crab (Malus sylvestris) from H. Den Ouden & Son
B.V., The Old Farm Nurseries, Box 1, Boskoop - Holland. For
each cultivar seed was soaked in tap water for 24 hours at 23°C,
the water being changed three times, before being finally
drained. Two g of thiram were suspended in 50 ml of glass
distilled water (GDW) and then poured over the seed to protect
the seed testa against saprophytic fungal growth during
germination. The mixture was shaken by hand for one minute and
the excess fungicide decanted off. The seed was poured, and
spread evenly, over a double thickness of Whatman 541 filter
paper moistened with 5 ml of GDW in petri dishes. The petri
dishes were placed in a refrigerator at 4°C in the dark, until
the seed had germinated - usually three to six weeks. Single
chitted seeds were sown 2 cm deep in John Innes (JI) potting
compost in 7 cm plastic pots. A few granules of the insecticide
Birlane (chlorofenvinphos) were sprinkled onto the soil surface
of each pot to prevent damage from Sciarid fly larvae. The pots
were incubated in a controlled environment (CE) room at 18°C and
16 h illumination under fluorescent lighting at an intensity
_2
between 1127 to 2255 Wm and 14°C for 8 h darkness each day 
and top watered. The seedlings were suitable for use after 21 
days when the fourth leaf had unrolled and was expanding.
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2 INOCULATION
2.1 Inoculation technique and spore production
McIntosh apple seedlings grown in 7 cm pots as in 1.1 were used 
at the fourth leaf growth stage. Naturally infected crab apple 
leaves (Malus communis) were used as the initial source of 
conidia, which were harvested using GDW at 4°C as described by 
Szkolnik (1976). The concentration of conidia was determined 
using a haemocytometer and diluted as required with GDW at 4°C.
To avoid the newly germinated conidia adhering to the container, 
150 ml aliquots of the suspension in 250 ml screw top glass jars 
sealed with polythene, were rolled continuously at 34 rpm on a 
Luckham Seed Roller, throughout the period of germination. This 
process of maintaining the conidial suspension in constant 
motion, by rolling its container, prior to its usage is referred 
to in the text as "pre-treatment".
The pre-treated conidial inoculum was applied by means of a
-2
compressed air gun operating at 0.7 kg cm . The conidial 
suspension was sprayed onto the adaxial leaf surface until
droplets were seen to form on the leaves. This approximated to
-3 -2
9.3 x 10 ml cm leaf of suspension.
The pots of seedlings were placed on a wire grill in a tray 
containing warm water and covered with a polythene tent to
maintain high humidity, thus ensuring the integrity of the
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infection droplets on the leaf surface during the incubation 
period. Incubation was in a CE room maintained at 18°C for 16 h 
and 14°C for 8 h each day. For the first 48 h the seedlings 
were kept in the dark, thereafter the polythene tent was removed
and the seedings illuminated under a light intensity between
-2 .
1127 to 2255 Wm during the 18°C period. After a further
7-14 days sporulation occurred and the conidia were suitable for
use.
2.2 Assessment techniques
Two assessment methods were used. Firstly a visual estimate of 
foliar symptom expression and secondly measurement of seedling 
height.
2.2.1 Foliar symptom expression was assessed by estimating the 
degree to which the two uppermost leaves, three and four, 
at the time of inoculation, were affected by symptoms in 
the following classes.
i) leaf distortion plus mottle
ii) scorch (leaf bronzing)
iii) conidial cover
iv) conidial cover combined with distortion and
mottle (by scoring symptoms i) and iii)
separately and giving a combined score).
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Each symptom class i) to iv) was assessed on a scale of 0 
to 10 where 0 = no visible symptom and 10 = 100% of the 
leaf affected by that symptom. The sum of all scores for 
the two leaves of each seedling provided a Total Disease 
Expression (TDE) value.
2.2.2 A stunting value (S) was calculated as follows. The
seedling’s overall height was recorded by measuring from 
the rim of the pot to the highest aerial point on each 
seedling before inoculation (I = initial height) and 
again after incubation, usually 14 days (F = final 
height). Since only the measurement of the increase in 
seedling height was required the rim of the pot was 
considered to be a suitable fixed datum point. Had an 
overall height of the seedling been needed then a datum 
point on the seedling e.g. cotyledon attachment could 
have been used. Substitution in the following equations 
solves for (S)
i) F. - I. = D. = increase in height of
i i i
inoculated seedlings.
ii) F^ - 1^ = Du = increase in height of
control seedlings.
iii) D. - = S = height difference due to
inoculation.
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For convention a stunted plant is, therefore, calculated 
with a negative value, indicating less growth than the 
uninoculated control (equation iii)). A seedling with a 
positive value would indicate a taller plant than the 
uninoculated control and is referred to as a promotional 
response.
2.2.3 Comparison of techniques for estimating the height 
differences of inoculated apple seedlings.
Three methods of estimating the height differences were 
compared
i) Overall height; - as in 2.2.2
ii) Internodal extension; - the internodal distance
between nodes two and four was recorded before 
inoculation and again following incubation, 14 
days later (node four corresponding to leaf 
four, the youngest leaf). Stunting values were 
calculated as in 2.2.2.
iii) Stem extension; the height of the stem was
measured, from the rim of the pot to the 
youngest leaf node (usually leaf five), before 
inoculation and again after subsequent 
incubation. Stunting values were calculated as 
in 2.2.2.
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2.3 Fungicide experiments
2.3.1 All the fungicides used were proprietary products and 
were, therefore, already formulated as either wettable 
powders (WP) or emulsifiable concentrates (EC) and would 
readily form a solution/suspension in GDW without the use 
of adjuvants.
2.3.2 The fungicides used were-Captan 50 (50% w/w captan, WP)
May and Baker, UK; Melprex (24% w/v dodine EC) Cyanamid,
UK; Rubigan (12% w/v fenarimol EC) Elanco, UK; and Zineb
(70% w/w zineb WP) Murphy, UK. Each fungicide was
formulated in GDW to the required concentration of active
ingredient (ai). Fungicide application was by means of a
_2
compressed air gun, operating at 0.7 kg m , spraying 
to run off the adaxial leaf surfaces of eight apple 
seedlings. 24 h later four seedlings from each treatment 
were inoculated with a known concentration of a 
pre-treated conidial suspension of inaequalis as in 
2.1. The remaining seedlings and uninoculated controls 
were sprayed with GDW. Incubation was as previously 
described and TDE values were obtained as before.
Stunting values were calculated by using the uninoculated 
fungicide treated seedlings as controls for their 
respective treated inoculated counterparts. This took 
into account any effects the fungicides might have on 
seedling growth in the absence of disease.
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3 CONIDIAL GERMINATION STUDY
3.1 The effect of conidial concentration on germination
4 5
A range of suspensions between 2 x 10 - 3 x 10 conidia
ml 1 of inaequalis were pre-treated in 250 ml glass-screw 
topped jars as previously described. Pre-treatment was at room 
temperature (23°C) in the light for periods of up to 5 hours.
Five 2 ml samples were taken at hourly intervals from each 
suspension and the percentage of conidia germinating (i.e. those 
with germ tubes equal to at least half the length of the 
conidium) recorded.
3.2 The effect of metal ions on conidial germination
Analar grade metal sulphates, K^SO^, FeS0^.7H20,
CuSO^.SH^O and MgSO^.TH^O were used. For each sulphate
a 29 ml suspension of inaequalis conidia at concentrations of
4 4 - 1
2.5 x 10 and 5 x 10 conidia ml were used. Each
sulphate was made up to a 150 ppm suspension with GDW and one ml
added to each of the conidial concentrations such that the final
30 ml volume contained 5 ppm metal sulphate. This was then
pre-treated for four hours as in 2.1. After this period two
drops of formalin were added, to kill the conidia, and five 2 ml
samples removed from each treatment so that percentage conidial
germination could be assessed as in 3.1.
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3.3 The effect of anthranilic acid on conidial germination
Suspensions of FeS0^.7H20 end anthranilic acid (an iron 
chelating agent) were used alone and in combination. Two stock 
solutions of anthranilic acid and FeS0^.7H^0 were prepared 
in GDW, one of 45 ppm FeSO^^I^O and the other of 411 ppm 
anthranilic acid which upon dilution by the conidial suspensions
_3
would give 10 molar solutions of FeSO^ , and anthranilic
acid which are similar to the molar concentrations used by Brown
& Swinburne (1981). For each treatment conidial suspensions of
5 5 - 1  .1 x 10 and 2 x 10 conidia ml were used. Excepting the
anthranilic acid/FeSO..7Ho0 combination where 1 ml of each4 2
component was added to 28 ml of each of the conidial 
suspensions, the procedure as described in 3.2 was followed.
The final concentration of each suspension was:-
i) FeS04 .7H20 : 1.5 ppm
ii) Anthranilic acid : 13.7 ppm
iii) FeSO^.71^0 : 1.5 ppm + Anthranilic acid : 13.7 ppm
4 PRE-TREATED CONIDIAL SUSPENSION FILTRATE STUDIES
4.1 The effect of a pre-treated conidial suspension filtrate on the 
percentage germination of freshly harvested conidia of 
V. inaequalis
To study the effect of filtrate from pre-treated conidial 
suspensions the procedures outlined in the flow chart 4.1.1 were 
followed.
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A.1.1
3 hour1 hour 24 hour
Pre-treat for
Filtrate
conidia ml-1 conidia ml
-1
Pre-treat for 3 hours
Record percentage germination
Whatman No. 1 filter paper
Filter suspension through
discarding conidia
Kill with 2 drops of formalin and record percentage
germination
Three 100 ml suspensions of inaequalis 
conidia at 2 x 10^ conidia ml""* and three at 
3 x 105 conidia ml 1
Use filtrate to harvest and dilute to
30 ml fresh conidial suspensions of inaequalis at
concentrations
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4.2 Filtrate foliar sprays
A suspension of inaequalis conidia at 3 x 10^ ml~^ was
pre-treated for three hours and the suspension filtered through
a Whatman No. 1 filter paper. The filtrate was retained and
using GDW at 4°C, a series of dilutions ranging from 0% (no
filtrate) to 100% (filtrate only) were prepared. Two additional
100% filtrate aliquots were used, one was boiled for two minutes
and cooled before use and the other was left standing on the
laboratory bench at room temperature (23°C) for 24 hours. Eight
apple seedlings at the fourth leaf growth stage were used for .
each treatment. Application of each filtrate/dilution was by an
adaxial foliar spray to run off using a compressed air gun
-2
operating at 0.7 kg m . Incubation and assessment of 
stunting was as previously described for inoculated plants as in
2.1 and 2.2.2. The test involving the 1007, filtrate exposed on 
the laboratory bench for 24 hours was treated as a separate test 
with its own untreated control plants. Apart from this 24 hour 
temporal separation all other sequences of filtrate application, 
incubation and assessment were as described above.
4.3 Hormone experiments
Venturis inaequalis conidial suspension filtrates were assayed 
for plant hormones. Bioassays were used in conjunction with 
chemical confirmatory tests. Full experimental details are 
given in Experimental Section - Part 6.
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5 OUTLINE OF STATISTICAL ANALYSES USED
5.1 Most data were initially analysed for overall significance using 
the analysis of variance. Individual treatment differences were 
analysed using the Student Newman Keul*s multiple range test.
5.2 For graphical presentation, correlation co-efficients were 
calculated and for non-linear relationships a curvilinear 
analysis was used to identify relationships and test their 
significance.
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EXPERIMENTAL SECTION - PART 1
EXPERIMENT 1 
Objective
To study infection of apple seedlings using freshly harvested conidia. 
Introduction
Artificial inoculation and incubation of inaequalis on apple is 
often carried out under glasshouse conditions, (Keitt & Jones, 1926). 
This experiment is aimed to investigate infection levels of 
V. inaequalis on apple seedlings resulting from artificial inoculation 
with a freshly harvested conidial inoculum following incubation under 
CE room conditions. The choice of inoculum concentrations being 
influenced by those which had been used successfully by other workers, 
albeit frequently under glasshouse conditions.
Method
Crab apple leaves naturally infected with inaequalis were used to 
provide suspensions containing 5 x 104 and 1 x 105 conidia ml-1 
in GDW. Each suspension was immediately sprayed onto eight Red 
Delicious apple seedlings at the fourth leaf growth stage. Controls 
were sprayed with GDW. Immediately after inoculation plants were
placed under polythene tents and kept in the dark at 18°C for 16 h and
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14°C for 8 h during each 24 h period in a CE room. After 48 h the 
tents were removed and the seedlings illuminated for the 16 h cycle at 
18°C in every 24 h. After 14 days sporulation was visually estimated 
on a scale of 0 = no sporulation to 10 = sporulation over 100% of the 
leaf surface and percentage conidial cover calculated (Table 1).
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Results
Table 1
Percentage infection of Red Delicious apple seedlings 14 days after 
inoculation with freshly prepared suspensions of conidia of
V. inaequalis at 5 x 10 and 1 x 10 spores ml
Spore conc. conidia ml ^ Mean % leaf area infected*
4
5 x 10 12
1 x 105 7
* SE = 5.4
(SE of difference between means)
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Discussion
Rich & Richards (1959) reported obtaining 50 - 60% infection using
4 -1
freshly harvested conidia at 5 x 10 spores ml in the 
glasshouse. The infection levels using this technique under 
artificial CE room conditions gave only low levels of infection 
(Table 1). They were far too low to be acceptable for reliable 
screening of chemicals for fungicidal activity. It was decided that 
the behaviour of spores in suspension should be studied next with the 
aim of laying down standard inoculum preparation techniques.
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EXPERIMENTAL SECTION - PART 2 
SPORE GERMINATION STUDIES
EXPERIMENT 2 
Objective
Effect of conidial concentration on germination of conidia of 
V. inaequalis.
Introduction
Experiment 1 has shown freshly harvested inoculum to be of little use 
for artificial inoculation under CE room conditions. Initially it was 
decided to investigate the effect of conidial concentration on 
germination in aqueous suspension.
Method
Naturally infected crab apple leaves (Malus communis) were used as the 
initial source of conidia. They were harvested using GDW at 4°C as 
described by Szkolnik (1978). Because Noveroske, Williams & Kuc 
(1964) found that washings from susceptible apple leaves did not 
contain compounds inhibitory to the germination of conidia of 
V. inaequalis it was considered unnecessary to wash and re-suspend 
them. The concentration of conidia was determined using a 
haemocytometer and diluted with GDW, at 4°C, to give a range of
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concentrations from 2 x 10 to 3 x 10 conidia ml . These 
suspensions were sealed in glass-screw top jars and rolled for up to 
5 h. Each hour five samples from each suspension concentration were 
removed and percentage germination calculated.
Results
The relationship between conidial concentration and percentage 
in-vitro spore germination shows an inhibition of germination at high 
conidial concentrations (Fig 1).
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Fig. 1 The germination in distilled water at 24°C of Venturia inaequalis (Cke) 
Wint. conidia:- O 3 x 1()5» • 2 x 1q5» A 1 x 105,
A  5 x 10^ and □  2 x 10^ conidia ml The bars represent 
confidence limits P * 0.05
% c o n i d i a l  
g e r m i n a t i o n
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l o g  c o n i d i a l  c o n c e n t r a t i o n
F i g . 2 .  P e r c e n t a g e  g e r m i n a t i o n  o f  c o n i d i a l  s u s p e n s i o n s  o f  
V .  i n a e q u a l i s  a f t e r  5  h  i n  GDW a t  2 4 ° C .
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Discussion
Allen (1955) showed that the rate of germination of uredospores of 
Puccinia graminis f. sp. tritici. Eriks & E. Henn was inversely 
related to the number of uredospores present. Biehn, Williams & Kuc
(1966) noted that by decreasing the concentration of a suspension of
5 5 -1
conidia of V_._ inaequalis from 12 x 10 to 4.5 x 10 spores ml
more appressoria were formed. The results show that percentage 
germination is inversely related to the conidia3. concentration
(Fig 2) and also suggest that an inhibitor could be present in the 
rolled suspension and therefore, this possibility was investigated..
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EXPERIMENT 3
Objective
Determination of the effect of a filtrate from pre-treated conidia on 
the germination of fresh conidia of inaequalis.
Introduction
The previous experiment had shown an inverse relationship between 
conidial concentration and percentage germination. This experiment, 
was designed to test the filtrates from pre-treated conidial 
suspensions for the presence of a germination inhibitor.
Method
Stock conidial suspensions of V\_ inaequalis at concentrations of
4 5 - 1
2 x 10 and 3 x 10 spores ml were sealed into screw top glass
jars and rolled for periods of one, three and 24 h. After rolling the
conidia were filtered out and the filtrates used to prepare fresh
4 5 . . -1
suspensions of 2 x 10 and 3 x 10 conidia ml which were
rolled/pre-treated for three hours and the percentage germination
recorded.
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Table 2
The effect of filtrates from 1. 3 and 24 h pre-treated suspensions of
4
2 x 10 and 3 x 10"* conidia ml on the percentage of conidia
germinating
4
in fresh 2 x 10 and 3 x 10"* suspensions
% conidial germination*
Pre-treated
period Filtrate spore cone conidia ml
hours type 2 x 104 3 x 105
1 GDW 76.0 1.2
1
4
2 x 10 64.3 2.9
1 3 x 105 39.4 0.9
3 GDW 92.9 7.0
3
4
2 x 10 56.9 1.2
3 3 x 105 31.9 1.0
24 GDW 83.0 14.8
24 2 x 104 65.4 12.3
24 3 x 105 62.2 11.4
* Standard Error (SE) values for these data are presented in Table 2a.
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Table 2a
Analysis of mean data values from Table 2 showing treatment effects
Effect of spore concentration on spore germination
Mean numbers of
Conidial conc. germinated conidia SE
2 x 10 ml 127.1 5.71
3 x 105 ml"1 11.7 1.7
Effect of time
Pre-trt. period h
Mean numbers of
germinated conidia
4 -1 
at 2 x 10 spores ml SE
1 119.8 8.6
3 121.1 13.6
24 140.4 5.4
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Table 2a contd.
Effect of filtrate type x pre-treatment period
Pre-trt. period h Filtrate type
Mean numbers of
germinated conidia
4 -1 
at 2 x 10 spores ml SE
1 GDW 152 4.51
1 2 x 104 128.6 5.54
1 - 3 x 105 78.8 5
3 GDW 185.8 2.24
3
4
2 x 10 113.8 4.4
3 3 x 105 63.8 6.4
24 GDW 166 3
24
4
2 x 10 130.8 5.4
24 3 x 105 124.4 4.3
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Plate 1
4 -1
Germ tube development of a 2 x 10 conidia ml suspension of 
V. inaequalis in GDW after continuous rolling/pre-treatment for 1 h 
(xlOOO).
-  50 -
Plate 2
4
The effect on germ tube development of pre-treating a 2 x 10
conidia ml 1 suspension of inaequalis for 1 h in the filtrate 
5 . -1
from a 3 x 10 conidia ml suspension of inaequalis which 
itself had previously been pre-treated for 3 h.
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Plate 3
The effect on germ tube development of pre-treating a 2 x 10
conidia ml 1 suspension of Vj_ inaequalis for 1 h in the filtrate 
4 . . -1
from a 2 x 10 conidia ml suspension of V^ _ inaequalis which had
been previously pre-treated for 3 h.
- 52 -
Discussion
Factorial analysis of the data in Table 2 showed that filtrates, 
pre-treatment periods and conidial concentration all had significant 
effects on the numbers of conidia which germinated (p = 0.001). It is 
thought that the variation in percentages of germination shown by the 
GDW controls was attributable to the use of three separate batches of 
conidia used in this experiment. There is significantly less
germination of conidia in the 3 x 10"* spores ml * suspension than
4 -1 . .
at the lower one of 2 x 10 spores ml . This is in agreement
with the observations in experiment 2. The effect of a germination
inhibitor in the filtrate is shown in Table 2. These data suggest
that the inhibitory effect of the filtrate is only temporary, the
maximum effect being observed with the three hours filtrate. Taking
the 3 h pre-treatment as the optimum for inhibition in this test, the
. . 4depression of percentage conidial germination for the 2 x 10
suspension was greatest in the 3 x 10^ filtrate, however, the
4 . . .2 x 10 filtrate also had a significant inhibitory effect (plates
one to three respectively). Results in Table 2 show that one and 
three hour pre-treatments were significantly different from that of 
24 hours. It is not known why the inhibitor loses its effect after 
24 h. It seems likely that the inhibitor is degraded or 
de-activated. The mechanism by which degradation or deactivation of 
the inhibitor occurs is unknown but it may be metabolised by the 
germinating spores. Because Noveroske, Williams & Kuc (1964) found 
that washings from susceptible apple leaves did not contain compounds 
inhibitory to the germination of conidia of V\_ inaequalis it is 
thought unlikely that the inhibitor emanates from the host in this 
case.
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EXPERIMENT 4
Objective
The effect of serial dilutions of a 3 x 105 pre-treated conidial
4
filtrate on the germination of a conidial suspension of 2 x 10 
spores ml 1.
Introduction
The previous experiment (3) has suggested the presence of a
germination inhibitor in the filtrate of a pre-treated conidial
suspension. The results also suggested that levels of inhibition
could be dependent on filtrate concentration. This experiment is
designed to investigate the point by serially diluting the filtrate.
The 3 x 105 filtrate was chosen because it was the more inhibitory
4 . . -1
concentration. The 2 x 10 conidia ml suspension was selected 
because the greater number of germinating spores made for greater 
accuracy in assessment.
Method
A conidial suspension of 3 x 10^ spores ml * was pre-treated for
3 hours. The conidia were filtered out and the filtrate diluted with
GDW at 4°C to give a range of 0, 25, 50, 75 and 100% filtrate. A
6 -1
conidial suspension of 1 x 10 spores ml was prepared with GDW 
at 4°C. One ml of this plus 49 ml of the filtrate dilution was used
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to produce a 2 i 10 conidia ml suspension which was pre-treated 
for 3 h. Two drops of formalin were then added to each suspension and 
numbers of conidia germinated were recorded by counting five one 
hundred spore samples.
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Results 
Table 3
. 4 -1
Percentage conidial germination of a 2 x 10 spore ml suspension
of V. inaequalis following three hour pre-treatment in a filtrate
concentration gradient.
Percentage filtrate Percentage germination *
0 49.2 a
25 34.1 b
50 27.9 b
75 32.6 b
100 35.1 b
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls* multiple 
range test, (p = 0.05).
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Discussion
Statistical analysis of the results (Table 3) show that percentage 
conidial germination is significantly reduced by the filtrate 
(p = 0.05), but there are no significant differences between 
percentages of germination over the range 25 to 100% filtrate 
concentration.
Therefore, these results are in agreement with those in experiment 3 
in confirming the presence of a germination inhibitor within a 
pre-treated conidial suspension filtrate.
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EXPERIMENT 5
Objective
Determination of the effect of the metal ions potassium, iron, copper
and manganese on the germination of conidial suspensions of
4 4 -1
2.5 x 10 and 5 x 10 spores ml of inaequalis.
Introduction
Work by Harper et al (1980) with conidia of Colletotrichum musae 
produced on iron deficient media showed that as the concentration of 
iron in the media increased percentage conidial germination 
decreased. The involvement of iron in relation to conidial 
germination was investigated since this may be involved in the 
germination inhibitory effect already observed in the previous 
experiments.
Method
The sulphates of potassium, iron (ferrous), copper and magnesium were
4
used. Conidial suspensions of V^ _ inaequalis at 2.5 x 10 and 
4 -1
5 x 10 spores ml were used with each metal sulphate so that the 
final volume of 30 ml for each conidial suspension contained 5 ppm 
metal sulphate. The suspensions were pre-treated for four hours then 
two drops of formalin added to each and the percentage of conidial 
germination in each recorded.
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Results 
Table 4
The effect of 5 ppm solutions of iron (ferrous) magnesium, potassium
4
and copper sulphates on the percentage germination of 2.5 x 10 and
4 . - 1  5 x 10 conidia ml suspensions of V. inaequalis
Percentage conidial germination*
Metal sulphate Conidial conc. spores ml-1
4 42.5 x 10 5 x 10
iron (ferrous) 10.9 c 15.8 c
magnesium 66.3 a 56.7 b
potassium 71.3 a 66.1 a
copper 0.2 d 0.8 d
untreated 63.3 a 53.8 b
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls' multiple 
range test, (p = 0.05).
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Discussion
Iron, at a concentration of 5 ppm in the conidial suspension, 
significantly reduced the numbers of conidia germinating (p = 0.05) at 
both conidial concentrations (Table 4). Although the mechanism for 
its involvement in germination inhibition in V^ _ inaequalis is unknown 
it could be similar to that for musae as suggested by Harper et al
(1980). The presence of potassium in either conidial concentration
. . . 4resulted m  increased percentage conidial germination, at 5 x 10
conidia ml~* this was significant (p = 0.05). Mann & Wallace (1924) 
had shown that potassium was readily leached from apple foliage, 
variety Cox, by water and, therefore, higher levels of potassium in 
the infection droplets on the leaf surface could result in more 
conidia germinating than on a non-leaf surface, hence increasing their 
chances of infecting the host. With magnesium a small increase in 
percentage conidial germination was observed with both conidial 
concentrations although in both cases this was not significant. The 
suspensions containing 5 ppm copper were the most severely affected 
but in view of the fungitoxicity of copper compounds this is not 
surprising.
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EXPERIMENT 6
Objective
To determine the effect of anthranilic acid (AA) as a chelating agent
for ferrous iron on the germination of conidia of Vjl inaequalis at
5 5 -1
1 x 10 and 2 x 10 spores ml
Introduction
Experiment 5 has shown ferrous iron to be inhibitory to conidial 
germination of inaequalis. Swinburne (1976) established that AA 
found in leachates of banana fruit stimulated germination of conidia 
of Colletotrichum musae, a pathogen responsible for anthracnose 
lesions on bananas. Subsequent studies by Harper et al (1980) have 
shown that AA acting as an iron chelating agent stimulated germination 
of conidia of musae. This experiment is designed to ascertain 
whether a similar mode of action could be responsible for the 
germination inhibition observed in the previous experiments (2 to 5) 
and, therefore, identify more clearly the role of ferrous iron in this 
system.
Method
30 ml conidial suspensions of inaequalis at 1 x 105 and 2 x 10^ 
spores ml ^ were used. Four treatments were used with each of the 
conidial concentrations as shown below
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i) FeS04 at a final concentration of 1.5 ppm.
ii) AA at a final concentration of 13.7 ppm
iii) FeSO^ , + AA at final concentrations of 1.5 and 13.7 ppm
respectively.
iv) untreated.
All conidial suspensions were pre-treated for five hours, then two 
drops of formalin were added to each and the numbers of conidia 
germinating recorded.
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Results
Table 5
The effect of ferrous iron at 1.5 ppm and AA at 13.7 ppm, singly and
combined, on germination of V. inaequalis
—-rs
conidia at concentrations of
1 x 10^ spores ml 1
Conidial Percentage
conc. spores Treatment conidial
ml"1 germination *
1 x 10^ untreated 20.28 a
1 x 105 iron 17.34 a
1 x 105 AA 33.06 b
1 x 105 iron + AA 34.82 b
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls• multiple 
range test, (p = 0.05).
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Discussion
The results (Table 5) show that iron at 1.5 ppm did cause a small 
reduction in conidial germination although this was not a significant 
effect. However, in the presence of a solution of 13.7 ppm AA there 
was a significant enhancement of percentage conidial germination. 
Furthermore the combination of iron and AA at 1.5 ppm and 13.7 ppm 
respectively resulted in a similar increase in percentage germination 
not significantly different from the effect of AA alone. Experiment 5
had shown that the addition of iron to conidial suspensions of
4 4 -1 . . .
2.5 x 10 and 5 x 10 spores ml significantly reduced
percentage germination. A similar trend for reduced germination was
shown in Table 5. AA probably has an effect as a chelating agent is
affecting germination of the conidia of inaequalis. The extent of
involvement of iron in this system is not known, however, there is
some agreement between this work and that of Harper et al (1980) in
that in the presence of AA an enhancement of percentage germination
was observed.
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SUMMARY
An inverse relationship between conidial concentration and percentage 
in-vitro conidial germination has been demonstrated. The filtrate 
from a pre-treated conidial suspension was shown to inhibit conidial 
germination but the effect was temporary and after 24 hours was lost. 
In an experiment where the filtrate was serially diluted it was shown 
that even a four-fold dilution has little effect on the potency of the 
inhibitor. Ferrous iron has been shown to reduce conidial 
germination. When AA was added to conidial suspensions containing 
iron the inhibitory action of ferrous iron was reversed. The addition 
of AA to conidial suspensions not containing additional iron also 
enhanced germination.
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EXPERIMENTAL SECTION - PART 3
EXPERIMENT 7
Objective
Comparison of pre-treatment and immediate inoculation techniques using
4 4 5
conidial suspensions of 2 x 10 , 5 x 10 and 1 x 10 spores
ml ^ of V\_ inaequalis.
Introduction
In experiment 1 the levels of infection produced by the immediate 
application of a freshly harvested conidial suspension of 
V. inaequalis to apple seedlings was too low to provide adequate 
inoculum for future experiments. It was thought that the use of a 
pre-treated conidial inoculum would increase levels of infection. The 
following experiment was designed to evaluate this and establish a 
suitable inoculation technique for producing an adequate level of 
infection suitable for use in the screening of new candidate 
fungicides.
Method
A batch of freshly harvested conidia was adjusted to concentrations of
4 4 5 -1
2 x 10 , 5 x 10 and 1 x 10 spores ml . Each concentration
was halved, one half being immediately used for inoculation and the
remainder pre-treated for four hours before being used as inoculum.
Each concentration was sprayed onto eight red delicious apple 
seedlings at the fourth leaf growth stage and incubated in a CE room 
for 14 days. Disease levels were then assessed by visually estimating 
conidial cover on leaves three and four using a scale of 0 to 10 
(where 0 = no sporulation and 10 = 100% leaf surface covered with 
sporulating lesions). The data expressed as percentage of the leaf 
area infected are shown in Table 6.
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Results 
Table 6
Comparison of pre-treatment and immediate inoculations of conidial
4 4 5 - 1suspensions of 2 x 10 , 5 x 10 and 1 x 10 spores ml of
V. inaequalis
Percentage area infected *
Spore conc. * 4 h pre-treatment immediate inoc
conidia ml-1 Batch No. Batch No.
1 2 3 1 2 3
1 x 105 a 32 24 26 14 16 21
5 x 104 ab 14 14 36 5 2 16
2 x 104 b 7 18 9 4 7 12
A B
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls* multiple 
range test, (p = 0.05).
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Discussion
The results (Table 6) show that pre-treating conidial suspensions for 
4 h significantly (p = 0.05) increased levels of infection when 
compared with the use of immediate inoculation of similar spore 
suspensions. Maximum infection was obtained using the highest 
inoculum concentration of 1 x 10** spores ml \  the percentage
infection being significantly greater than the level obtained with the
4 . . -1
2 x 10 conidia ml suspension.
Although the pre-treatment of the conidial suspensions resulted in 
improved levels of infection it was observed that two further 
important points should be investigated. Firstly, besides the 
production of conidia it was noted that a variety of symptoms were 
produced, although in this experiment (7), only conidial cover was 
assessed, some seedlings showed no sporulation but were clearly 
displaying other symptoms due to infection by y\_ inaequalis.
Secondly, all the seedlings which had been inoculated with conidial 
suspensions were noticeably stunted in comparison with the 
uninoculated controls. Therefore, it was decided to amend the 
assessment technique to include all the symptoms so far observed.
Despite these complications it was decided to adopt the use of 
pre-treating the conidial inoculum as an inoculation technique.
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EXPERIMENT 8
Objective
A scanning electron microscopic study of a pre-treated conidial 
suspension of inaequalis on the leaf surface of apple seedlings.
Introduction
In the previous experiment it was shown that pre-treating a conidial
suspension of V^ _ inaequalis improved foliar symptom expression. It
was interesting that seedlings inoculated with a suspension containing 
4 . . -12 x 10 conidia ml still gave lower levels of symptom expression 
than might be expected. It was thought that the mechanics of the 
inoculation process might be damaging the conidial germtubes and, 
therefore, this experiment was carried out to investigate this aspect.
Method
. 4 _i
A conidial suspension of inaequalis at 2 x 10 spores ml was
used as described in experiment 7. After 24 h incubation the upper
two leaves from each seedling were removed, freeze dried at 100
pascals for 24 h and kept in a desiccator until required. The
Cambridge Instrument Steroscan S 250 Scanning Electron microscope at
the University of Surrey was used. Pieces of the leaves
2
(approximately 2 mm ) were mounted onto stubs and sputter coated 
with gold, these were placed into the microscope chamber which was 
then evacuated and set to operate at 15 Kv. The following 
observations were made.
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Results
It was observed that
a) There was no evidence of broken or fragmented conidia or germ 
tubes.
b) Pre-treated samples (plates 4 to 6) generally showed fewer 
non-germinated conidia and longer germ tubes than their 
non-pre-treated counterparts (plates 7 to 9).
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Plate 4
Germ tube development of a 4 h pre-treated conidial suspension of
4 -1
V. inaequalis at 2 x 10 spores ml after 24 h incubation on the 
upper leaf surface of a Red Delicious apple leaf.
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Plate 5
Development of a single conidium from a 4 h pre-treated conidial
4 -1
suspension of V^ _ inaequalis at 2 x 10 spores ml after 24 h 
incubation on the upper leaf surface of a Red Delicious apple leaf.
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Plate 6
Lateral germ tube growth shown by a single conidiospore of 
V. inaequalis on the upper leaf surface of a Red Delicious apple leaf
24 h after inoculation with a 4 h pre-treated conidial suspension of
4 -1
V. inaequalis at 2 x 10 spores ml
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Plate 7
A group of non-germinated conidiospores of inaequalis on the upper 
leaf surface of a Red Delicious apple seedling 24 h after inoculation
with a non-pre-treated conidial suspension of inaequalis at
4 -1
2 x 10 spores ml
-  75 -
Plate 8
Lateral germ tube growth and appressorial formation shown by a single 
conidiospore of inaequalis on the upper leaf surface of a Red
Delicious apple seedling 24 h after inoculation with a non-pre-treated
. . .  4 - 1
conidial suspension of inaequalis at 2 x 10 spores ml
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Plate 9
Single conidiospore of inaequalis with a short thick, germ tube on 
the upper leaf surface of a Red Delicious apple seedling 24 h after
inoculation with a non-pre-treated conidial suspension of
4 -1
V. inaequalis at 2 x 10 spores ml
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Discussion
The total absence of damaged conidia suggests that inoculation is not 
deliterious to germinating conidia. This result although not 
explaining the lower than anticipated symptom expression data does 
show the remarkable robustness of germinating conidia. However, it 
was observed that a pre-treated conidial suspension produced more 
germinating conidia with longer germ tubes than a similar 
non-pre-treated suspension. This observation could explain the 
improvement in symptom expression found with the use of a pre-treated 
conidial suspension.
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SUMMARY
The use of pre-treated conidial suspensions of V^ _ inaequalis for 
inoculum resulted in increased levels of infection when compared with 
immediate inoculation of similar spore suspensions. Scanning electron 
microscopy suggested that the improvement in symptom expression may be 
a result of higher numbers of germinated conidia present on the leaf 
surface. Therefore, it was proposed to adopt the pre-treatment of 
conidial inoculum for use as a standard technique. A refined method 
of disease assessment was also desired to take into account the range 
of symptoms observed in the preliminary experiments.
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EXPERIMENTAL SECTION - PART 4
EXPERIMENT 9
Objective
To study the relationship between foliar symptom expression and the 
stunting of seedling growth resulting from the inoculation of apple 
seedlings with conidial suspensions of inaequalis.
Introduction
In a previous experiment (7) it was shown that levels of infection 
resulting from artificial inoculations with conidial suspensions of 
V. inaequalis could be improved by pre-treating the spore 
suspensions. However, the assessment technique used relied upon the 
estimation of leaf area covered with sporulating lesions. Presumably 
because of genetic variability apple seedlings show a variety of 
responses to scab infection, ranging through all reaction classes 
described by Shay and Hough (1952), thus making an assessment of 
infection levels difficult when no sporulation is present. Following 
the observations made in experiment 7, it was decided to improve the 
assessment by the inclusion of all the foliar symptom expression 
classes and stunting in a modified assessment, allowing a more 
accurate estimate of the effects of artificial inoculations of 
V. inaequalis to be made.
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Method
McIntosh apple seedlings were used at the fourth leaf growth stage.
The overall height (I) of each seedling was recorded before
inoculation. Conidia of inaequalis from freshly sporulating
lesions on infected apple seedlings were harvested in GDW at 4°C, and
3
diluted to give a range of spore concentrations from 1 x 10 to
5 x 10"* conidia ml 1. The suspensions were pre-treated for four
hours. Eight seedlings per dilution were inoculated and incubated in 
a CE room for 14 days. Uninoculated controls were sprayed with GDW.
Two assessments were made:-
1 Stunting index value(s) - calculated:-
Ii = Initial height of inoculated seedlings
Iu = Initial height of uninoculated seedlings (control)
Fi = Final height of inoculated seedlings
Fu = Final height of uninoculated seedlings after incubation
Di = Difference (increase) in height during incubation of 
inoculated seedlings 
Du = Difference (increase) in height during incubation of 
uninoculated seedlings
I. - F. = D.1 l l
I - F = D
u u u
D. - D = S
l u
Foliar symptoms
Visual estimation of foliar symptom expression on leaves three 
and four (the two uppermost leaves at the time of inoculation) 
was recorded, symptom classes described as;
1) distortion plus mottle (plate 10)
2) scorch and/or leaf bronzing (plates 11 and 12)
3) conidial cover (plate 13)
4) a combination of distortion plus mottle and conidial
cover (plate 14)
were each assessed using a scale of 0 to 10 for each class, 
where 0 = no visible symptom and 10 = 100% of the leaf affected 
by the symptom. Summing the scores for each symptom on the two 
assessed leaves of each seedling provided a total disease 
expression (TDE) value.
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Results
Table 7
Comparison of percentages of infection estimated by assessing 
a) conidial cover and b) TDE values and the stunting values produced
by artificially inoculating seedlings with conidial suspensions of
. . .  3 5 -1V. inaequalis m  the range 1 x 10 to 5 x 10 spores ml
(stunting values calculated as described earlier)
Inoc. conc. 
conidia ml-1
% infection 
(conidial cover)
% infection* 
(TDE)
Stunting*
values
cm
5 x 105 21.3 60.5 a 3.2 a
2.5 x 105 14.4 65 a 4.1 a
1 x 105 6.9 56.3 ab 1.5 ab
5 x 10* 16.3 51.3 be 1.9 ab
1 x 10* 12.5 45 c 1.7 ab
1 x 103 4.4 23 d 0.1 b
r = 0.172 0.6075 0.3926
For 46 degrees of
freedom p = N/S <0.001 <0.01
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls* multiple 
range test, (p = 0.05).
TDE values S t u n t i n g  cm
12
3 43
l o g  c o n i d i a l  c o n c e n t r a t i o n
-  2
-  1
- 0
F i g . 3 .  T h e  r e s p o n s e  o f  M c I n t o s h  a p p l e  s e e d l i n g s  a s  s h o w n  b y  T D E
v a l u e s  ( Q — □ )  a n d  s t u n t i n g  ( ■ * — ■ )  t o  c o n i d i a l  c o n c e n t r a t i o n s
3  5 - 1
o f  V .  i n a e q u a l i s  i n  t h e  r a n g e  1 x  1 0  t o  5  x  1 0  s p o r e s  m l
T D E  : r  *  0 . 9 8 6 7 ,  p  <  0 . 0 0 1
S t u n t  :  r  *  0 . 8 6 7 6 ,  p  <  0 . 0 5
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Distortion plus mottle, leaf blade shows distinct blistering, sporadic 
sporulation confined to the leaf veins.
-  85 -
V:H ■
Scorch, partially affecting each leaf.
-  86 -
Scorch/leaf bronzing, nearly all the leaf surface affected.
-  87 -
Plate 13
Conidial cover, normal susceptible response, extensive conidial cover.
-  88 -
Combination of distortion, mottle and conidial cover, which although 
more extensive than in plate 10 remains confined to the leaf vein areas.
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Discussion
The two forms of symptom expression studied - stunting and TDE values 
- were found to be positively correlated (p = 0.001) and each was also 
correlated to conidial inoculum concentration (p = 0.05). The effect 
of a range of conidial concentrations on TDE and stunting values is 
shown in Fig 3. The results suggest that TDE and stunting values give 
a better indication of infection levels in apple seedlings following 
inoculation with conidial suspensions of Vj_ inaequalis than the 
assessment of conidial cover alone which was not significantly 
correlated with inoculum concentration, Table 7.
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EXPERIMENT 10
Objective
To compare the TDE and stunting responses of the apple varieties Crab 
and McIntosh, in response to inoculations with conidial suspensions of 
V. inaequalis.
Introduction
9
Experiment $ has shown the effectiveness of using TDE and stunting 
values for assessing infection levels of inaequalis in apple 
seedlings. This experiment was designed to investigate the effect of 
host variety on TDE and stunting.
Method
Seedlings at the fourth leaf growth stage were used, with eight
replicates for each dilution/variety combination. Conidial
3 5
suspensions of V^ _ inaequalis ranging from 1 x 10 to 5 x 10 
spores ml ^ were pre-treated for 4 h. Inoculation, incubation and 
assessment techniques were as described in experiment 8.
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M c l n t o s h  s r  «  0 . 9 9 8 ,  p  <  0 . 0 0 1  
y  *  1 . 3 7  + [ 1 . 6 7  x  1 0 - 4  x  x ]  -  [ 2 . 8 8  x  1 0 ~ 1 0  x  x 2 ]
C r a b  : r  *  0 . 9 0 7 ,  p  <  0 . 0 5
y  *  3 . 4 2  + [ 9 . 4 5  x  1 0 ~ 5  x  x ]  -  [ 1 . 4 3  x  1 0 ~ 1 0  x  x 2 ]
TDE values
10
5 0 01005 0
3-1
I n o c u l u m . c o n c e n t r a t i o n  c o n i d i a  m l
F i g . 4 .  C o m p a r is o n  o f  T D E  v a l u e s  o f  M c I n t o s h  ( A — — A ) a n d
C r a b  ( #  ■ # )  a p p l e  s e e d l i n g s  i n  r e s p o n s e  t o
i n o c u l a t i o n s  w i t h  c o n i d i a l  s u s p e n s i o n s  o f
3 '5
V .  i n a e q u a l i s  i n  t h e  r a n g e s  1 x  1 0  t o  5  x  1 0  s p o r e s
p r o m o t i o n  cm  M c I n t o s h  r  *  0 . 9 8 6 1 ,  p  <  0 . 0 5
0 . 9 6 2 5 ,  p  <  0 . 0 5C r a b+2
+1 -I > \
l o g  c o n i d i a l  c o n c e n t r a t i o nl/i 1
-1
-2
- 3
- 4
S t u n t i n g  cm
F i g . 5 .  C o m p a r is o n  o f  s t u n t i n g  v a l u e s  o f  M c I n t o s h  ( O — O )  a n d  C r a b  ( # - * - # )
a p p l e  s e e d l i n g s  i n  r e s p o n s e  t o  i n o c u l a t i o n s  w i t h  c o n i d i a l  s u s p e n s i o n s  
o f  V .  i n a e c r u a l l s  i n  t h e  r a n g e  1 x  1 0 ^  t o  5  x  1 0 ^  s p o r e s  m l ” * .
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Results 
Table 8
The mean height difference values of McIntosh and Common Crab apple
seedlings 14 days after inoculation with conidial suspensions of
3 5 - 1V. inaequalis in the range 1 x 10 to 5 x 10 spores ml
Inoc. cone Mean height difference cm*
conidia ml~^ McIntosh Common Crab
5 x 105 2.7 c 2.6 c
1 x 105 3.75 be 5.0 b
5 x 104 5.0 b 4.9 b
1 x 103 7.31 a 7.4 a
uninoculated 5.5 b 6.4 ab
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls* range test, 
<p = 0.05).
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Plate 15
The stunting effect of a pre-treated conidial suspension of 
V. inaequalis at 3 x 10^ spores ml * on Red Delicious apple 
seedlings. Right to left. Two untreated controls, stunted no other 
symptoms, stunted plus mottle and far left extensive conidial 
sporulation.
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Discussion
The responses of McIntosh and Common Crab seedlings to a range of
3 5 - 1
inoculum concentrations (1 x 10 to 5 x 10 conidia ml ) were
similar (Table 8 and Figs 4 and 5). For both varieties the TDE and
stunting values were strongly correlated with the conidial inoculum
concentrations. In many instances it was observed that seedlings
inoculated with the same conidial concentration, although showing
similar stunting values, were markedly different in the classes of
foliar symptoms expressed. Occasionally inoculated seedlings, apart
from being stunted, showed an almost total absence of foliar disease
expression (plate 15).
This observation demonstrated the ubiquitous stunting response of
apple seedlings to conidial infections of V\_ inaequalis at conidial
4 5 -1
concentrations in the range 5 x 10 to 5 x 10 spores ml . The
regular reduction in growth in both varieties in response to
increasing inoculum concentrations further confirms the validity of
using measurements of growth as a means of assessing infection in the
host/pathogen relationship.
Table 8 shows the statistical analysis of the height differences. At
3 -1
the lowest inoculum concentration (1 x 10 conidia ml ) there was
a stimulation in growth of both seedling varieties, significantly so
in the case of McIntosh. This interesting result suggests that
conidial suspensions of V\_ inaequalis can cause apple seedlings to
show either a stunting or a growth promotional response dependent upon
inoculum concentration. Further experimentation with inoculum
{#4 -1
concentrations less than 5 x 10 conidia ml are proposed to 
further investigate this observation.
- 96 -
EXPERIMENT 11
Objective
To study the effect of low conidial concentrations of inaequalis in
2 4 -1
the range 1 x 10 to 5 x 10 spores ml on the growth of Red
Delicious apple seedlings. 
introduction
The previous experiment (10) indicated that a conidial concentration 
3 -1
of 1 x 10 spores ml caused both McIntosh and Crab apple 
seedlings to grow taller. This experiment was designed to further 
investigate this observation. Since very low conidial concentrations 
were used it was decided to pre-treat at a much higher inoculum 
concentration and serially dilute to the required inoculum density 
immediately before inoculation. This was to avoid loss of inoculum 
during the pre-treatment process caused by some conidia sticking to 
the glass walls of the containers, which could result in artifically 
lowering the applied inoculum concentration.
Method
Red Delicious apple seedlings at the fourth leaf growth stage were 
used. A conidial suspension of 5 x 105 spores ml-1 in GDW at 4°C
was pre-treated for 4 h before dilution with GDW to give a range of
. . . 2 4 - 1conidial concentrations between 1 x 10 to 5 x 10 spores ml
and each dilution sprayed immediately onto eight seedlings, the
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uninoculated controls sprayed with GDW. Incubation in the CE room and 
assessments were as described in experiment 9.
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Results 
Table 9
The mean height difference of Red Delicious apple seedlings 14 days
after artificial inoculation with conidial suspensions of
2 4 - 1V. inaequalis in the range 1 x 10 to 5 x 10 spores ml
Inoculum 
concentration 
conidia ml-^
Mean
height difference 
values cm*
Response of apple 
seedlings to inocula 
Stunting/Promotional
5 x 104 4.7 b stunt
4
2 x 10 5.3 ab stunt
1 x 104 7.3 ab promote
5 x 103 6.8 ab promote
1 x 103 6.8 ab promote
5 x 102 7.15 ab promote
1 x 102 7.7 a promote
uninoculated 6.7 ab -
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls' multiple 
range test, (p = 0.05).
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P r o m o t i o n  cm
+ 1.2
r  *  0 . 9 3 7 9+1
p  <  0 . 0 1
l o g  c o n i d i a l  c o n c e n t r a t i o n
-1
-2
P i g . 6 .  T h e  e f f e c t  o f  c o n i d i a l  s u s p e n s i o n s  o f  V .  i n a e q u a l i s  i n  t h e
2  4 - 1
r a n g e  1 x  1 0  t o  5  x  1 0  s p o r e s  m l  o n  t h e  g r o w t h  o f  R e d
D e l i c i o u s  a p p l e  s e e d l i n g s .
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Discussion
. 4The results show that low inoculum concentrations (less than 1 x 10
conidia ml-1) caused a growth promotional effect on the host, 
resulting in taller plants when compared with the uninoculated 
controls (Table 9). This result is in agreement with those presented 
in experiment 10 and is also shown in Fig 6.
The observed stunting/promotional response caused by, and dependent 
upon, inoculum concentration is an interesting result.
Although growth promotion (confirmed in this experiment) was observed 
previously with low inoculum concentrations it was anticipated that as 
conidial concentration was successively reduced growth promotion would 
decrease and ultimately have no effect, however, this did not occur.
At the lowest inoculum concentration used, 100 conidia ml”\  growth 
promotion was still increasing. Therefore, it is proposed that two 
antagonistic effects are operating which could be explained by making 
the following hypotheses
i) conidia only produce stunting in the host.
ii) the filtrate contains a factor which promotes growth.
On the basis of these assumptions at high inoculum concentrations the 
promotional properties of the filtrate are easily masked by the 
stunting caused by the conidia. However, as inoculum concentration 
decreases the influence of the filtrate becomes more dominant and 
eventually results in taller plants. These assumptions will be 
investigated later.
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EXPERIMENT 12
Objective
To study the effect on symptom expression of diluting conidial inocula 
before and after pre-treatment.
Introduction
The effectiveness of pre-treating conidial suspensions for enhancing 
symptom expression has been demonstrated. In this experiment the 
effect of diluting the suspensions, before and after pre-treatment 
periods was investigated.
Method
A conidial suspension of V\_ inaequalis at 5 x 105 spores ml-1 was 
prepared in GDW, at 4°C, and divided into equal aliquots. Each half 
was treated as shown in Fig 7 and each inoculum concentration was 
sprayed onto eight Red Delicious apple seedlings. Incubation and 
assessments for TDE and stunting values were as previously described.
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Fig....?.
pre-treat for 4 h
pre-treat for 4h
use for inoculum use for inoculum
suspension at 5 x 10 spores ml
Freshly harvested conidial
in GDW
-1
Dilute with GDW to
give conidial suspensions
3 x 10 spores ml
of
-1
dilute with GDW to give
conidial suspensions of
3 x 10 spores ml
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Results 
Table 10
Comparison of two pre-treatment methods for the preparation of 
conidial suspensions of V. inaequalis used for inoculating apple 
seedlings
Inoc conc. 
conidia ml-1
Pre-treatment at 5 x 10^ 
conidia ml~^
Stunting cm* TDE*
Pre-treatment at 
required conidial 
concentration 
stunting cm* TDE*
3 x 105 -5.5 a 22.1 a -6.6 a 19.8 a
5 x 104 -3.5 a 19.5 a -4.5 a 19.0 a
1 x 104 -0.46 b 8.8 b -0.6 b 8.3 b
1 x 103 -1.05 b 0.375 c +1.21 b 0.125 c
untreated - b - c - b - c
r (stunt/TDE) = 0.5499 0.784
p = at 30 d.of .f <0.01 <0.001
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls* multiple 
range test, (p = 0.05).
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Discussion
The results for both treatments, Table 10, show a highly significant
correlation between stunting and TDE values. For both pre-treatments
4 5 - 1
conidial concentrations of 5 x 10 and 3 x 10 spores ml
resulted in significant stunting, lower inoculum concentrations of
3 4 . . -1
1 x 10 and 1 x 10 conidia ml also produced effects on the
seedlings but these were not significantly different from the
untreated. The point at which dilution of inoculum is carried out
(pre-, or post pre-treatment) has little effect on the resulting
symptom expression.
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EXPERIMENT 13
Objective
To study the effect on symptom expression of washing pre-treated 
conidia with GDW.
Introduction
Experiment 11 provided data from which two hypotheses were made;
i) conidia only produce stunting in the host and ii) the filtrate 
contains a factor which promotes growth. Also there was evidence that 
the pre-treatment filtrate influenced conidial germination (expt 3). 
Therefore, it was decided to investigate whether removal of the 
filtrate and its replacement with GDW would have any effect on symptom 
expression.
Method
Conidia were pre-treated at 3 x 10^ spores ml”'*' for 4 h then the
suspension was halved. One half was diluted with GDW to give
2 3 4 4suspensions of 1 x 10 , 1 x 10 , 1 x 10 , 5 x 10 and
1 x 10^ conidia ml”^ and used to inoculate Red Delicious apple
seedlings. The other half was centrifuged, the supernatant discarded
and the conidia re-suspended with GDW, this washing process was
repeated once more and the resulting suspension diluted to give the
2 5 . . -1same concentration range of 1 x 10 to 1 x 10 conidia ml
which were then used as inoculum. The seedlings were incubated in the
CE room and after 14 days assessed for TDE and stunting.
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Results 
Table 11
The effect of washing pre-treated conidial suspensions of
2 5 - 1V. inaequalis m  the range of 1 x 10 to 1 x 10 spores ml
before their use for inoculum
Conidial 
conc. 
spores ml'"'*'
unwashed 
mean* 
stunt cm
pre-treat
mean*
TDE
washed 
mean* 
stunt cm
pre-treat
mean*
TDE
1 x 105 -1.3 be 20.1 a -2.9 c 18.0 a
5 x 104 -1.1 be 19.6 ab -2.0 abc 20.3 ab
1 x 104 +0.8 abc 15.9 a -0.7 abc 19.1 ab
1 x 103 +0.6 abc 4.9 c +0.7 a 1.6 c
1 x 102 +0.5 abc 0.5 d +0.3 ab 0.1 c
untreated - abc d - abc c
r (TDE/STUNT) = -0.317 -0.463
p for 38 d.of.f = <0.05 <0.01
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls* multiple 
range test, (p = 0.05).
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Discussion
A strong correlation between stunting and TDE values was obtained with
both treatments (Table 11). Although there were differences in the
values obtained for stunting between washed and unwashed treatments
these were not statistically significant. It is nevertheless
interesting that washing the conidia resulted in a small increase in
4 5stunting over the inoculum range of 1 x 10 to 1 x 10 conidia 
ml-1, compared to the unwashed treatments. These differences may 
well have been smaller than expected because although the spores had 
been washed, and re-suspended in GDW, they could still be capable of 
releasing the growth promotional factor into the suspension, although 
this would be at a much lower concentration than with the unwashed 
suspension. Therefore, the resultant antagonistic effect of the 
growth promotional factor on the stunting effect produced by the 
conidia would be less with the washed suspension. This trend can be 
seen in Table 11 and would suggest that the filtrate has an influence 
over the host pathogen interaction.
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EXPERIMENT 14
Objective
To study the effect of a pre-treated conidial suspension filtrate on 
the growth of Red Delicious apple seedlings.
Introduction
Previous experiments had suggested that the filtrate from a 
pre-treated conidial suspension could influence the growth of apple 
seedlings. In particular from the results obtained in experiment 11 
it was hypothesised that the filtrate from a pre-treated conidial 
suspension contained a factor which promoted growth in apple 
seedlings. The following experiment was designed to investigate this.
Method
A conidial suspension of inaequalis at 3 x 105 spores ml 1 was 
pre-treated for 4 h, filtered through a Whatman No 1 filter paper and 
the filtrate retained. A range of filtrate dilutions from 1 to 100% 
filtrate was prepared with GDW. A further two aliquots of the 100% 
filtrate were retained, one was boiled and the other left standing on 
the laboratory bench for 24 h. Each treatment was sprayed onto eight 
Red Delicious apple seedlings and the plants incubated in a CE room in 
the usual manner. After 14 days incubation height difference values 
were obtained.
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Results
Table 12
The effect on the growth of Red Delicious apple seedlings of a 4 h
pre-treated conidial suspension filtrate of V. inaequalis at 3 x 105
,-1 spores ml
Percentage
filtrate
Mean ht. diff 
Values cm*
100 6.1 a
50 5.0 ab
10 5.4 ab
1 5.2 ab
100 (boiled) 5.3 ab
100 (24h) 3.4 b
untreated 4.4 ab
r (for filtrate range 
r is not significant
0-100%) = 0.259
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls* multiple 
range test, (p = 0.05).
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Apart from the differences in height shown by the apple seedlings 
there were no other foliar symptoms visible which would normally be 
associated with an infection by a conidial suspension of inaequalis.
Discussion
From the results presented in Table 12 there is evidence to suggest 
that the pre-treated conidial suspension filtrate promoted growth in 
apple seedlings. Although not significantly different from the 
untreated each dilution of the filtrate produced a growth promotional 
response in the seedlings. It is interesting to note the lack of dose 
response. When left standing for 24 h the agent lost its growth 
promotional properties. The reason for this is not known, but 
microbial or enzymatic degradation would seem more likely than 
hydrolysis. Since hydrolylic rate increases with increasing 
temperature, boiling the filtrate would be expected to decrease the 
activity of the growth promoting agent, this did not occur. The 
results show that boiling the filtrate had little effect on its 
ability to promote growth and this also indicated that the growth 
promoting agent in the filtrate was not likely to be a protein.
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EXPERIMENT 15
Objective
To study the effect of a concentrated pre-treated conidial suspension 
filtrate on the growth of Red Delicious apple seedlings.
Introduction
Experiment 14 provided further evidence of the growth promotional 
properties of the filtrate from a pre-treated conidial suspension 
filtrate. In this experiment it is proposed to test the effect of . 
concentrating a similar filtrate by rotary evaporation and studying 
its effect on the growth of apple seedlings.
Method
A conidial suspension of inaequalis at 3 x 10"* spores ml-* was 
prepared in GDW, at 4°C and pre-treated for 4 h before use as shown in 
Fig 8. Incubation and assessments for stunting values were as 
previously described.
- 112 -
Fig, .8
Filtrate
Rotary evaporate
Initial filtrate
filtrate with GDW
Dilute concentrated
Filter through Whatman No. 1 filter paper
Spray onto 8 seedlings/filtrate dilution
Pre-treated 3 x 10 conidia ml-1 suspension
Filtrate dilution range
100%, 50%, 25%, 12.5%
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Results 
Table 13
The effect on the growth of Red Delicious apple seedlings shown by 
dilutions of a concentrated filtrate from a A h pre-treated conidial 
suspension of V. inaequalis at 3 x 10~* spores ml *
Filtrate type
% concentrated 
filtrate
Mean ht. diff. 
values cm.
Normal 11.6
Concentrated 2.5 12.2
Concentrated 12.5 12.5
Concentrated 25.0 13.6
Concentrated 50.0 12.6
Concentrated 100.0 13.5
untreated - 10.9
N/S
Following rotary evaporation of the filtrate for 1 h at 80°C 500 ml of 
filtrate was reduced to 12.5 ml, i.e. a forty fold concentration of
filtrate.
N/S : No significant differences
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Discussion
Reducing the volume of a conidial suspension filtrate resulted in a 
concentration of the growth promoting agent (Table 13). Statistically 
the results are not significantly different from those of the 
untreated, however, there are clearly increases in the mean height 
difference values caused by the presence of the filtrate. There is 
not a clear dose response but two points are of interest;
1) The concentrated filtrate produced increased growth responses in 
the apple seedlings compared to the normal non-concentrated 
filtrate.
2) When the concentrated filtrate was back diluted to approximate 
to the normal non-concentrated filtrate it was seen that
a) the growth responses of apple seedlings to the
non-concentrated and back-diluted filtrates were very 
similar;
and b) both filtrate types produced growth promotional responses 
in apple seedlings.
Therefore, it is suggested that this experiment provides further 
evidence for the presence of a growth promotional agent in the 
filtrate of a pre-treated conidial suspension filtrate.
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EXPERIMENT 16
Objective
A comparison of techniques for estimating height difference values. 
Introduction
Clearly since the measurement of a seedling’s height is an important 
aspect of this work, it was thought necessary to establish the most 
appropriate method of measurement. Therefore, this experiment was 
designed to compare various techniques for estimating height 
differences. For this experiment it was decided to pre-treat the 
inocula for different periods dependant upon their conidial 
concentration, ie. the higher the conidial concentration the longer 
the pre-treatment period and vice versa. Since it has been 
established that percentage conidial germination was dependant upon 
the conidial concentration it was thought that the use of differential 
pre-treatment periods could lead to each conidial concentration 
containing similar proportions of germinating conidia.
Method
Eight Red Delicious apple seedlings were used for each conidial 
concentration. Three methods of estimating height difference were 
used for each treatment:-
i) overall height - to tip of unexpanded leaves
ii) stem height
iii) internodal distance
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Table 14
Inoculum concentrations used and their respective pre-treatment periods
Inoculum cone Pre-treatment
conidia ml 1 period (h)
1 x 10'
1 x 10
5 x 10
1 x 10'
Percentage conidial germination was recorded for each inoculum 
concentration before its use. Controls were sprayed with GDW and 
after inoculation all treatments were incubated in the CE room for 
14 days. Seedling height measurements were again recorded using the 
techniques i) to iii) for each treatment, stunting values and TDE 
assessments were recorded.
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Results
Table 15
Height difference values obtained by measuring i) ovecall height, ii)
stem height and iii) internodal extension 14 days after inoculation
. 3 5with suspensions of V. inaequalis in the range 1 x 10 to 1 x 10
conidia ml *
Stem ht. Internodal 
diff. cm diff. cm
1 x 105 1 1.03 b 1.27 a 0.56 a
5 x 104 4 1.6 b 1.27 a 0.54 a
1 x 104 4 1.45 b 2.18 a 0.45 a
1 x 103 27 3.32 a 1.52 a 0.96 a
uninoculated - 2.96 a 1.9 a 0.8 a
Inoculum % Overall
concentration germ. ht. diff. cm*
conidia ml-1
Values followed by the same letter are not significantly 
different when analysed by the Student-Newman-Keuls' multiple 
range test, (p = 0.05).
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Discussion
The results (Table 15) show that each assessment method for estimating
height difference data will detect the responses of stunting or growth
promotion of apple seedlings caused by inoculations with conidial
suspensions of Vj_ inaequalis. The use of overall height and intenodal
extension gives similar trends, i.e. stunting caused by high inoculum
concentrations (1 x 10^ conidia ml *) and growth promotion at low 
3 -1
ones (1 x 10 conidia ml ). The use of stem height difference
values also shows a stunting response at 1 x 105 conidia ml 1 but
4
the growth promotional response was recorded at 1 x 10 conidia
All the methods gave similar trends but it was proposed to continue 
using overall height measurements because this was the most convenient 
method which also gave the greatest %£i*e range of values.
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EXPERIMENT 17
Objective
To study the effect of initial height on seedling growth following
. . . 4 -1inoculation with a conidial suspension of 1 x 10 spores ml
Introduction
The growth response is an important indication of the infectivity of 
the inoculum. Therefore, it was important to investigate whether the 
initial height of the apple seedling had any effect on growth 
following inoculation and incubation. In particular it had been 
observed that the use of low inoculum levels (<1 x 10 conidia 
ml-1) resulted in growth promotion (expt. 11). Since the height 
difference values were only small the choice of a short or tall 
seedling could have a strong bearing on the results obtained.
Method
The overall height of crab apple seedlings was recorded and the plants 
were sorted into various categories according to their heights.
Because of the distribution of initial heights in the batch of 
seedlings used for this experiment it was not possible to select the 
preferred eight seedlings/treatment without greatly reducing the range
of height categories. Therefore, it was decided to adopt the use of
(
four seedlings/category where necessary in order to maintain a 
reasonable height range within each category.
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i.e. <5.5 cm
5.6 to 6.5 cm
6.6 to 7.5 cm
7.6 to 8.5 cm
00 to 9.5 cm
>9.6 cm
Seedlings from each category were inoculated by spraying with a
4 -1
conidial suspension of V^ _ maequalis at 1 x 10 spores ml which 
had been pre-treated for 4 h, the uninoculated controls, which 
included representatives from each height category, were sprayed with 
glass distilled water. After incubation in the CE room for 14 days, 
the seedlings were re-measured and the following results obtained.
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Results 
Table 16
The effect of initial seedling height on the mean height difference
values (cm) for crab apple seedlings, which had been inoculated with a
4 -1
conidial suspension of V. maequalis at 1 x 10 spores ml 
following 14 days incubation in a CE room
Initial height category cm.
<5.5 5.6-6.5 6.6-7.5 7.6-8.5 8.6-9.5 >9.6 Mean treatment 
height diff. cm
inoculated 5.95 6.65 7.11 7.75 8.175 7.875 7.14
N/S
uninoculated 6.18 6.1 8.075 7.38 7.93 6.17 7.08
Mean category
ht. diff. cm. 6.05 6.43 7.46 7.57 8.07 7.14
N/S
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Discussion
Although there was a trend for smaller plants to grow less than plants 
which were initially much taller (Table 16) a two factor factorial 
analysis of variance showed that this response was not statistically 
significant. When setting up an experiment such variations in initial 
height would be avoided since plants of a similar height would be 
chosen in preference to a mixture ranging from very small to very tall 
seedlings.
4 -1
Inoculation with a conidial suspension of 1 x 10 spores ml was 
found to have no significant effect on the growth of the apple 
seedlings. This result is in agreement with the data from experiment
10 which suggested that conidial concentrations of greater or less
4 -1 .
than 1 x 10 spores ml resulted m  a host growth response but at
4 -1
1 x 10 conidia ml no overall effect was produced.
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EXPERIMENT 18
Objective
The in-vivo regulation of a single inoculum concentration of 
V. inaequalis by the use of a range of fungicide concentrations to 
produce a range of TDE and stunting values.
Introduction
Previous experiments have shown a good correlation between TDE, 
stunting values and inoculum concentration. The aim of this 
experiment was to produce a similar effect by using a fungicide 
dilution series rather than a spore concentration series. Since the 
efficacy of a fungicide is dependant on its application rate using a 
range of application rates will have a differential effect on the 
inoculum the seedling is exposed to. Therefore, it was proposed to 
use a single inoculum concentration and show that the dose range of 
the fungicide will produce TDE and stunting effects similar to those 
produced by applying a range of inoculum concentrations to apple 
seedlings.
Method
Single apple seedlings, variety Red Delicious were used at the fourth 
leaf growth stage. Solutions or suspensions of the fungicides dodine 
and captan of 62.5, 125, 250 and 500 ppm ai were prepared with GDW.
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Eight seedlings were sprayed to run off with each solution or
suspension, 24 h later four seedlings from each treatment were
5 . . -1
inoculated with a 1 x 10 conidia ml suspension of inaequalis 
pre-treated for 4 h. The remaining seedlings and uninoculated 
controls were sprayed with GDW. Incubation was as previously 
described and TDE values were obtained as before. Stunting values 
were calculated by using the uninoculated fungicide treated seedlings 
as controls for their respective treated inoculated counterparts.
Results
The use of a range of fungicide concentrations to regulate in-vivo the 
effective inoculum concentration is illustrated in Fig 9. At low 
fungicide concentrations stunting of the seedlings was recorded, 
however, with progressive increases in fungicide application rates 
stunting decreased and growth promotion occurred. The highest 
promotional response was recorded with dodine whilst captan produced 
the least. The greatest stunting of inoculated seedlings was shown by 
the seedlings with the lowest dose of captan.
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Discussion
When the fungicides were applied at the lowest concentration tested 
(62.5 ppm), where they were least effective against the pathogen
stunting of the host was observed (Fig. 9).
At about 250 ppm both fungicides promoted the growth of seedlings 
possibly as a result of good but incomplete disease control,
equivalent to low inoculum levels. Further increases in the rate of
fungicide began to show a reduction in the vigour of the seedlings 
possibly due to a phytotoxic effect of the fungicide. As expected the 
response did not closely fit a logarithmic plot, however, a reasonable 
quadratic fit (Fig. 9) was made with dodine since this allows the 
plotting of data with a single inflexion. Dodine fitted this type of 
plot better than captan which was fitted by eye and thus could be a 
reflection of difference in fungicide mode of action or structure.
Dodine marketed as Melprex is a guanidine, which is used to control 
V. inaequalis. is generally agreed to act by interfering with membrane 
structure. Although dodine will lyse the external membrane of fungal 
spores this is probably not the primary site of action of the compound 
since spores of some species are scarcely lysed at the toxic levels of 
the fungicide (Brown and Sisler, 1960). It may be that the primary 
site on which the fungicide acts is the mitochondrial membrane since 
Pressman (1963) concludes that dodine acts as an inhibitor of 
oxidative phosphorylation.
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Captan is a trichloromethylthio fungicide which has a broad spectrum 
of fungicidal action. Owens and Novotny (1959) showed that captan 
inhibits enzyme activity by attacking thiol groups of protein or 
co-enzymes.
The response of the apple seedlings to the combined effects of a range 
of fungicide concentrations «of--a r an g e o f—fu n g4-c-ide—cone e nbr a t i ons and 
fixed high inoculum concentration paralleled that of a range of spore 
concentrations.
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EXPERIMENT 19
Objective
To appraise the proposed techniques of inoculum pre-treatment and 
symptom expression assessment for the evaluation of novel fungicides 
for the control o f X  inaequalis on apple seedlings.
Introduction
Pre-treatment of conidial suspensions of V_^  inaequalis has been shown 
to improve symptom expression. Assessment of these symptoms has been 
extended to include all foliar symptoms (TDE data) and stunting 
values. Although these techniques have proved to be useful in 
studying aspects of the host/parasite interaction their value in 
assessing candidate fungicides has not been investigated. This 
experiment is planned to evaluate all these techniques for use as a 
standardised fungicide screening method to evaluate novel potential 
fungicides for the control of V^ _ inaequalis. Of the chemicals to be 
screened A, B, C, D, E and F are as yet untested against this 
pathogen. Compound G has shown previous activity and has been 
included for dose response investigations. The commercial standard is 
fenarimol.
Method
Chemicals A, B, C, D, E and F were each pure technical materials.
Each was formulated by dissolving in 5 ml acetone and diluting with
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GDW to the desired concentration. Tween 20 wetter was added such that 
the final aqueous suspension contained 125 ppm Tween 20. The 
commercial standard Rubigan (fenarimol), a 12% EC was suspended in GDW 
to the commercially recommended concentration (200 ppm ai).
Procedures for chemical treatment, inoculation, incubation and 
assessment were followed as described in experiment 18 and the 
following results were obtained.
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Results 
Table 17
Efficacy of foliar protectant sprays of compounds A, B, C. D, E and F
at 50 ppm and G at 10 to 300 ppm applied 24 h before inoculation with
5 -1
a conidial suspension of V. inaequalis at 3 x 10 spores ml
STUNTING FOLIAR SYMPTOMS
Mean Mean Area
phytotoxic disease sporulating
Rate stunting stunting mean
Chemical ppm value (mm)* value (mm) score TDE*
A 50 -5 (6) +4 0.4 4.9 (5)
B 50 -31 (10) -5 0.3 1 (4)
C 50 +10 (2) -31 4.8 5 (6)
D 50 +5 (3) -29 6.3 6.3 (7)
E 50 +18 (1) -17 0 0 (1)
F 50 -30 (9) 0 0.8 0.8 (3)
-ve values indicate reduction in growth 
+ve values indicate growth promotion
* Ranking values shown in parenthesis
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Table 17 contd.
STUNTING FOLIAR SYMPTOMS
Mean Mean Area
phytotoxic disease sporulating
Rate stunting stunting mean
Chemical ppm value (mm)* value (mm) score TDE*
G 300 -18 (7) 0 4.3 10.5 (8)
G 100 -26 (8) -13 7.3 11.3 (9)
G 50 0 (5) -22 4.5 13.5 (10)
G 10 +2 (4) -21 7.0 15.5 (11)
fenarimol 200 -52 (11) 4-1 0 0 (1)
untreated - - . -25 12.5 16.5
Ranking values shown in parenthesis
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Table 18
Efficacy ranking of chemicals by the addition of phytotoxic stunting 
and TDE ranked values (from Table 17) to give a comparative activity 
rating for the chemical control of V. inaequalis
Rate Phyto stunt TDE Efficacy
Chemical ppm ranking + ranking = ranking
A 50 6 4- 5 11
B 50 10 4- 4 = 14
C 50 2 4- 6 = 8
D 50 3 4- 7 = 10
E 50 1 4- 1 = 2
F 50 9 4- 3 = 12
G 300 7 4- 8 = 15
G 100 8 4- 9 = 17
G 50 5 4- 10 = 15
G 10 4 4- 11 = 15
fenarimol 200 11 4- 1 _ 12
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Discussion
Consideration of the data presented in Table 17 suggest that columns 
of data considered independently do not give a totally reliable 
evaluation of a chemical's performance. Instead it is suggested that 
a combination of data would be a more realistic approach to appraising 
a chemical's fungicidal potential.
Conidial cover considered in isolation from the other foliar symptoms 
does not give a totally accurate representation of the degree of 
chemical control. However, it should not be disregarded totally 
because absence of sporulation in a seedling shown to be infected by 
either TDE or disease stunting data could be indicative of 
antisporulent activity.
Similarly disease stunting is not to be ignored. On the basis of 
disease stunting data alone it is difficult to resolve the various 
interactions between chemical, host and pathogen. In view of this it 
is unlikely that chemical selections could be made on the basis of 
disease stunting data. Again this type of data could be useful in 
resolving situations where a total lack of foliar symptoms occur and 
the only indication of infection is that stunted plants have been 
observed.
It is to be suggested that the main criteria for selection of 
fungicide activity be made upon considering the combination of TDE and 
phytotoxic stunting data. In the case of phytotoxic stunting this is 
a clear effect of the chemical on the apple seedling and is an
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important factor in deciding whether to proceed with further chemical 
testing. TOE data likewise is a good and reliable indicator of 
infection. It is suggested that by ranking each chemical as shown in 
Table 17 using a ranking system of 1 to 11 (since in this test there 
are 11 chemicals to be compared), where 1 is assigned to the chemical 
giving lowest TDE and stunting and 11 to the chemical giving the 
greatest; then, by summing these two ranked scores, as in Table 18, a 
list of chemicals can be compiled based on their individual total 
scores where the lowest value is the most "attractive" for further 
testing and similarly the highest value the least "attractive". From 
the data presented chemicals scoring the same or lower values than the 
commercial standard would be selected for further testing.
It is suggested that treatment of data in this manner gives a good 
indication of a chemical’s fungicide potential for the control of 
V. inaequalis.
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SUMMARY
A range of symptoms expressed in response to infection of seedlings by 
V. inaequalis were identified and assessed. The various symptoms were 
studied under two categories, i) effect on growth and ii) total foliar 
symtoms.
The interrelationships of stunting, foliar symptom expression (TDE 
values) and inoculum concentrations have been demonstrated. Stunting 
and TDE values were found to be positively correlated (p > 0.001) and 
each was correlated to conidial inoculum concentration (p > 0.05).
The same responses to inoculum concentrations were evident in all
. . . . 4apple varieties tested. High inoculum concentrations > 1 x 10
conidia ml 1 resulted in stunting of the host and low inoculum
4 . . -1concentrations < 1 x 10 conidia ml caused growth promotion. 
Pre-treated conidial suspensions of inaequalis cause similar levels 
of symptom expression whether dilution to the required spore 
concentration is made before or after pre-treatment. It was also 
shown that washing the pre-treated conidia with GDW immediately before 
inoculation resulted in enhanced stunting of apple seedlings. This 
suggests that the filtrate exerts an influence on the host-pathogen 
response, and supports the hypothesis that conidia only produce 
stunting. Furthermore it was shown that when the filtrate was sprayed 
onto apple seedlings growth promotion was observed and by application 
of a filtrate, concentrated by rotary evaporation, growth promotion of 
apple seedlings was increased over and above that produced by the 
normal non-concentrated filtrate. These results provided experimental 
evidence to support a further hypothesis that the filtrate would cause
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a growth promotional response. The factor present in the filtrate 
responsible for inducing growth promotion in apple seedlings was 
resistant to boiling, suggesting it to be non-protein. However, on 
standing for 24 h the promotional activity was lost.
No other form of foliar disease symptom expression associated with 
conidial inoculations was observed in any treatment involving the 
exclusive use of filtrates.
The technique used for assessing effects on growth was investigated 
and the use of overall height for quantifying stunting values was 
found to be acceptable both in terms of accuracy and convenience. It 
was shown that the rate of growth of an apple seedling was not 
significantly related to its initial height and, therefore, the choice 
of apple seedlings based upon initial height was not critical as long 
as extremely tall and or short plants were not used in experiments. 
Using the fungicides captan and dodine the range of host responses to 
infections by inaequalis. i.e. stunting and growth promotion, was 
further demonstrated and indicated the potential of this technique for 
the evaluation of new chemicals for fungicidal activity.
In an experiment where novel chemicals were evaluated for their 
ability to control inaequalis as foliar protectant sprays it was 
suggested that assessments of TDE and phytotoxic stunting data should 
be ranked. For each chemical summation of the ranked scores of TDE 
and phytotoxic stunting values produced a total which could then be 
used comparatively to assess the chemical's efficacy.
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EXPERIMENTAL SECTION - PART 5
EXPERIMENT 20
Objective
To study the relationship between sites of infection and symptom 
expression.
) ' '
Introduction
The effects on seedling growth of stunting/promotion and TDE values, 
have been shown to be positively correlated to inoculum 
concentration. The numbers of initial sites of infection are not 
known and it would be of interest to determine whether there is a 
relationship between the numbers of successful infection sites and the 
ensuing symptoms. Consequently this experiment was designed to 
determine, by utilising a staining technique, the numbers of infection 
sites 5 days after inoculation and relating this to symptom 
expression. Furthermore the effect of a range of concentrations of 
the fungicides zineb, captan and dodine on the numbers of infection 
sites was also studied.
Method
Red Delicious apple seedlings at the fourth leaf growth stage were 
used. Each fungicide (zineb, captan and dodine) was formulated with 
GDW to give a concentration range between 31 ppm and 250 ppm.
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Twelve seedlings were used per treatment. Chemical application by a
protectant foliar spray to run-off was made 24 h before inoculation
with a conidial suspension of inaequalis pre-treated for 4 h at
5 x 105 conidia ml For each treatment eight seedlings were
inoculated, the remaining four seedlings were sprayed with GDW and
used as phytotoxic chemical controls. A further batch of eight
seedlings per inoculum concentration was used to provide inoculum dose
3
response data using spore concentrations between 1 x 10 and 5 x
5 -1 . .
10 conidia ml . Seedlings were measured for initial overall
height and inoculation and incubation techniques were used as
previously described.
After five days incubation, four seedlings were sampled from each 
treatment. The lower four leaves from each seedling were removed and 
immersed in warm methanol to remove the green leaf pigments. Fungal 
presence was detected by staining the cleared leaves with basic 
Fuchsin following the technique of Preece (1959). Sub-cuticular 
mycelial growth was stained red and lesion area greater than 1 mm 
diameter was visually assessed for each leaf, the numbers of lesions 
per leaf being recorded.
Fourteen days after inoculation all treatments were assessed for TDE 
and stunting.
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Results
Table 19
The effect of concentration of conidial suspensions of V. inaequalis
on the numbers of lesions formed on apple seedling leaves five days
post inoculation
Inoculum conc. 
conidia ml--*-
Mean 
stunting 
value (cm)
Mean 
TDE values
Mean no. of 
lesions (>1 mm) 
per leaf
5 x 105 -9.7 26.5 *
3 x 105 -6.2 25.25 *
1 x 105 -2.7 20 it
5 x 10* -2.1 19.25 59.3
1 x 10* -1.2 12 28.6
1 x 103 -0.2 9 8.2
SE +/- 0.36 2.18 5.11
Lesion number too great to enable discrete lesions to be 
accurately recorded.
Correlation data (10 degrees of freedom) r value
Stunting - TDE 
Stunting - lesion number 
TDE - lesion number 
Inoc. conc. - lesion number
-0.779 
-0.742 
4-0.708 
4-0.838
<0.01
<0.01
<0.05
<0.001
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Table 20
The effect on lesion number, stunting and TDE values of foliar 
protectant sprays of zineb, dodine and captan applied at 
concentrations ranging between 31 to 250 ppm 24 h before inoculation 
with a conidial suspension of V. inaequalis at 5 x 10~* spores ml *
Fungicide/ 
application 
rate (ppm)
Mean
stunting
(cm)
Mean
TDE
values
Mean no. of 
lesions (>1 mm) 
per leaf
zineb 250 -2.9 8.8 16.2
125 -6.5 9.8 16.4
62.5 -9.25 11.8 31.4
31 -11.3 21 45
captan 250 -2.4 3.8 4.5
125 -5.4 10.5 18.4
62.5 -9.5 15.3 24.7
31 -10.1 22.5 24.8
dodine 250 -7 7.8 7.4
125 -7.7 12.8 10.4
62.5 -6.5 15 21
31 -7.8 18.8 13.4
SE +/- 1.2 2.9 5.7
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Table 21
Correlation table for data presented in Table 20 (2 degrees of freedom)
Fungicide Correlations r P
zineb lesions - stunting 0.905 <0.1
lesions - TDE 0.944 <0.1
TDE - stunt 0.83 N/S
captan lesions - stunt 0.955 <0.05
lesions - TDE 0.899 N/S
TDE - stunt 0.949 <0.1
dodine lesions - stunt -0.516 N/S
lesions - TDE 0.598 N/S
TDE - stunt 0.338 N/S
zineb fung. conc. - stunt -0.986 <0.05
fung. conc. - TDE -0.745 N/S
fung. conc. - lesions -0.825 N/S
captan fung. conc. - stunt -0.975 <0.05
fung. conc. - TDE -0.9547 <0.05
fung. conc. - lesion -0.9888 <0.05
dodine fung. conc. - stunt -0.202 N/S
fung. conc. - TDE -0.975 <0.05
fung. conc. - lesion -0.728 N/S
N/S : not significant (>0.1)
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Discussion
The results presented in Table 19 suggest that with inoculum
4 -1
concentrations >5 x 10 conidia ml the assessment technique for 
estimating lesion number is inadequate, due to extensive tissue 
invasion by Vj. inaequalis. Although the staining technique performed 
well it was not possible to distinguish isolated lesions and therefore 
accurate assessment was not possible. It was concluded that the 
following modifications to the experimental procedure were necessary.
1) A maximum conidial concentration of 1 x 10 spores ml 
Stunting data presented in Table 19 suggests this to be a 
reasonable concentration to use. At higher spore densities 
stunting values (which are to be considered as representative of 
infection levels) rise sharply probably resulting in too high a 
level of infection to be accurately assessed.
2) Use of leaf discs for microscopic counting of lesion number.
The whole leaf study used in this experiment was considered too 
cumbersome for accurate assessments. Therefore, the use of 
smaller areas for a more detailed study combined with a shorter 
incubation period could lead to an improvement in accuracy.
4 -1The data for conidial concentrations of 5 x 10 spores ml or 
less, as shown in Table 19, clearly indicate good correlations between 
lesion number, and, both TDE and stunting data. This suggests that 
both TDE and stunting values give a good indication of levels of 
infection.
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The effect of the fungicides zineb, captan and dodine on the control 
of infection by V_^_ inaequalis is shown in Table 20.
Dodine, a guanidine, gave an interesting result, at all concentrations 
stunting data was similar (Table 20). Generally disease control was 
good at all concentrations with no significant dose response observed 
for any symptom apart from TDE values (Table 21). It may be that the 
consistent response observed was due to a direct effect of dodine, 
however, the reason is unknown.
At 250 ppm captan, a trichloromethyl-thiodicarboximide, gave the best 
control. Stunting, TDE and lesion number were superior to any other 
treatment. Results as presented in Table 21 show a good dose response 
for stunting, TDE and lesion number (p <0.05).
Zineb, a dithiocarbamate, although giving good control at 250 ppm 
(Table 20) was the least effective chemical at 31 ppm. The dose 
response was poor (Table 21) although good correlations between lesion 
number and stunting/TDE data (p <0.1) were found.
In conclusion from the data presented in this experiment it is clear 
that there is a good relationship between stunting/TDE and lesion 
number and it is suggested that this evidence supports the earlier 
supposition that both stunting and TDE data are good indicators of 
levels of infection shown by apple seedlings infected with 
V. inaequalis.
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EXPERIMENT 21
Objective
To further study the relationship between sites of infection and 
symptom expression using a modified experimental procedure.
Introduction
The previous experiment (20) showed a good relationship between sites 
of infection and TDE/stunting. However, it was also shown to have 
shortcomings in experimental procedure and, therefore, the following 
modifications to the techniques used were evaluated;
1) Incubation time reduced to 48 h.
2) Maximum inoculum concentration of 1 x 10** conidia ml 1.
3) Leaf discs to be scanned for infection sites instead of whole 
leaves.
Method
Six Red Delicious apple seedlings per treatment were inoculated with
a range of pre-treated conidial suspensions of V;_ inaequalis from
2 5 -1
5 x 10 to 1 x 10 spores ml , and incubated as in experiment
20.
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After the 48 h dark period of incubation the seedlings were uncovered 
and illuminated as normal. Two seedlings from each treatment were 
removed and the three youngest unrolled leaves were removed from each 
plant. Using a size 10 cork borer leaf discs of 15 mm diameter were 
cut (usually between 11 and 15 discs being cut per treatment dependant 
upon leaf size). Fungal presence in the discs was then detected using 
the basic Fuchsin stain following the technique of Preece (1959).
After staining each disc was mounted in GDW on a cavity glass slide 
(77 x 26 mm) and lesion counts determined using a low power dissecting 
microscope (x40). To assist in disc assessment a ranking scheme 
(Table 22) was used.
Fourteen days after inoculation all the remaining seedlings were 
assessed for TDE and stunting data.
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Table 22
Ranked infection classes used in the assessment of the leaf discs
Class rank values*
Visible No Small Larger Larger Large
symptoms infection pin-point single dendritic numbers of
lesions lesions lesions. dendritic
or groups Sporadic lesions
of pin­ cover running
points . together.
No Most of
dendritic disc
lesions. covered.
* = disc scores are calculated thus : 
Number of discs x class rank = Disc 
in any one class value score
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Results 
Table 23
The effects of conidial inoculum concentrations of V. inaequalis in 
relation to TDE, stunting and lesion number
ft ft ft * ft ft
Conidial Mean Mean no.
inoculum conc. stunting of lesions Disc TDE
i—1spores ml cm per disc score values
1 X 105 -6.2 c ft 27 23.25 a
5 X 104 -4.45 abc ft 27 22.5 a
2 X 104 -4.9 be 13.73 a 28 17.75 a
1 X 10*
in(■«*1 ab 10.29 a 25 19.5 a
1 X 103 -2.55 ab 2.5 b 17 11 b
5 X 102 -1.325 a 1.0 b 13 7 b
Lesion number too great to be accurately assessed.
* * Values followed by the same letter are not significantly
different when analyses by the Student-Newman-Keuls’ multiple 
range test, (p = 0.05).
- 148 -
Discussion
2 4 - 1
For inoculum concentrations of 5 x 10 to 2 x 10 conidia ml
good positive correlations (p <0.001) were found between
conidial concentration and both lesion number and TDE values.
Although as found in experiment 20 conidial concentrations of
4 5 -15 x 10 and 1 x 10 spores ml produced too many lesions for an
accurate assessment. However, these data collected are in good
agreement with those of experiment 20 in showing the relationship
between sites of infection and TDE, stunting and inoculum
concentration.
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SUMMARY
A good correlation between lesion number and both TDE and stunting was 
found suggesting that TDE and stunting data gave good indications of 
infection levels. Similarly the activity of the fungicides dodine, 
captan and zineb were found to show good dose related data for 
stunting, TDE and lesion number. However, limitations of the
methodology became noticeable during the preliminary experiment and by
. . .  . 4reducing comdiospore inoculum concentrations to <5 x 10 spores
ml 1, decreasing incubation period to 48 h and modifying the 
assessment technique it was shown that a strong positive correlation 
between 1°610 conidial concentration and lesion number and TDE data, 
existed, which supported earlier work.
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EXPERIMENTAL SECTION - PART 6
EXPERIMENT 22
Objective
To test for IAA in the filtrate of a pre-treated conidiospore inoculum 
of Vj_ inaequalis.
Introduction
It has been observed that apple seedlings inoculated with conidial
4 -1suspensions of V\_ inaequalis at <2 x 10 spores ml grow taller 
than similar uninoculated seedlings. It is possible that a hormone 
released from the germinating conidiospores may be responsible for 
this extra growth and this test with oat coleoptiles was designed to 
detect the presence of IAA type compounds in the spore suspension 
filtrate.
Method
Spring oats (variety Fyne) were chitted in the dark in an incubator at 
19°C for five days to provide coleoptile tubes sufficiently long for 
growth studies. A range of IAA suspensions from 1 to 10 ppm were 
prepared by dissolving technical IAA in GDW.
A conidial suspension of V inaequalis at 3 x 10^ spores ml-1 was 
pre-germinated for 4 h. This was filtered through a Whatman No. 1
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filter paper and the filtrate retained. With GDW a range of filtrate 
concentrations from 1 to 100% filtrate was prepared. 15 ml aliquots 
were poured into 9 cm plastic petri dishes containing a double 
thickness of Whatman No. 1 filter papers.
For each treatment six 1 cm oat coleoptile tubes were placed in each 
petri dish (Bentley 1950) and 24 h later their extension growth was 
measured.
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Results
Table 24
The effect of a pre-treated conidial suspension filtrate of
5 -1 
V. inaequalis at 3 x 10 spores ml on the extension growth of
oat coleoptile tubes
Conidial filtrate IAA standard range
Mean difference in
extension (cm)
% conc. compared to untreated Conc. ppm Mean extension (cm)
100 0 10 0.2
80 -0.05 9 0.17
60 0 8 0.35
50 -0.02 7 0.33
40 -0.02 6 0.3
30 -0.02 5 0.26
20 -0.03 4 0.18
10 0 3 0.22
5 -0.02 2 0.17
1 -0.08 1 0.07
p for 59 degrees of freedom <0.05
in cylinder 
growth cm. 
0.4 -i
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Fig. 10a. The effect of IAA suspensions in the range 1 ppm to 
10 ppm on the increase in extension growth of oat 
coleoptile tubes.
2.0
Mean reduction of
log10£filtrate
cylinder.growth cm.
Fig. 10b. The effect of a range of dilutions of a
5 -1
filtrate from a 3 x 10 conidiospore ml suspension
of V.inaequalis on the growth of oat coleoptile tubes.
conc.
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Conclusion
The results presented in Table 24 suggest that IAA type compounds are 
absent from the conidiospore filtrate. The standard curve for 
technical IAA is shown in Figure 10a and, therefore, the methodology 
is considered accurate down to 1 ppm IAA. Since coleoptile extension 
below 1 ppm would not be significantly different from that of the GDW 
control it is concluded that an IAA substance is not responsible for 
the growth promotion observed with apple seedlings inoculated with 
V. inaequalis.
However, as shown in Table 24 and Figure 10b the response of the oat 
coleoptiles is clearly more complicated than this. Figure 10b 
suggests that the filtrate can reduce extension growth. The small 
differences found were neither significant nor correlated to filtrate 
concentration. The reason for this response is unknown but clearly an 
IAA type compound would not be responsible.
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EXPERIMENT 22A
Objective
Chemical confirmatory test for the presence of IAA in the conidiospore 
filtrate.
Introduction
Experiment 22 has indicated by bioassay that IAA type compounds are 
not present in the conidiospore filtrate and the use of the following 
simple chemical test with ferric chloride was used to confirm the 
results of the previous assay.
Method
The modification outlined by Tang and Bonner (1947) for the ferric 
chloride test (Salkowski reaction) was followed since it is claimed to 
be more accurate. Two ml of the conidiospore filtrate, prepared as in 
Experiment 22, were added to 8 ml of the reagent which had the 
following constituents: 15 ml of 0.5 M FeCl^, 300 ml
specific gravity 1.84 and 500 ml GDW. After mixing the colour was 
allowed to develop for 30 minutes. A 1 ppm suspension of technical 
IAA in GDW was used as a check.
Results and discussion
After 30 minutes the 1 ppm standard IAA treatment turned red in the 
ferric chloride test but the filtrate remained clear. This result is 
further evidence that IAA is absent in the conidiospore filtrate.
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EXPERIMENT 23
Objective
To test a conidial filtrate of inaequalis for the presence of 
cytokinins.
Introduction
The previous experiment (22) indicated that IAA type substances were 
unlikely to be responsible for the growth stimulation observed with 
apple seedlings inoculated with V^ _ inaequalis. This experiment is . 
designed to determine whether a cytokinin might be involved.
Method
Radish seed (variety French Breakfast) was sieved to provide a uniform 
sample of larger seed between 1.4 and 1.7 mm diameter. This was 
spread evenly onto damp cellulose wadding in a 20 x 30 cm plastic tray 
and germinated in an incubator in the dark at 26°C for approximately 
30 h (Letham, 1968). The smaller cotyledon was excised from each 
seedling and floated on GDW. To compensate for possible interference 
of gibberellins the method of (Letham, 1968) was followed using GDW 
instead of phosphate buffer.
Cotyledons of a uniform size were selected using 24 per treatment.
The pre-treated conidial suspension filtrate was prepared as in 
Experiment 22 and technical kinetin was dissolved in GDW to give
concentrations of 0.1 and 1.0 ppm.
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Three ml of the test solution was added to a 9 cm Whatman No. 1 filter 
paper in a 9 cm plastic petri dish, using two petri dishes per 
treatment, each containing 12 cotyledons. The cotyledons were then 
placed onto the filter paper and incubated for 3 days at 25°C under 
continuous fluorescent lighting. The cotyledons were removed and 
fresh weight measured.
Results
Table 25
The effect on cotyledon fresh weight of a pre-treated conidial 
suspension of V. inaequalis at 3 x 10~* spores ml *
Treatment
Mean fresh 
weight (mg) SE
Filtrate (100%) 21.4 0.9
Kinetin 0.1 ppm 27.4 1.6
1.0 ppm 25.4 1.5
Untreated (GDW) 22.3 1.4
p <0.01 for 95 degrees of freedom
SE : Standard error of the mean
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Conclusion
Within the limitations of this test it is concluded that cytoleinins 
are absent from the spore suspension filtrate.
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EXPERIMENT 24
Objective
To test a conidiospore filtrate of inaequalis for the presence of 
gibberellins.
Introduction
Experiments 22 and 23 have suggested that neither auxins nor 
cytokinins were present in the conidiospore filtrate. However, a 
gibberellin could be present and this test was made to investigate 
this possibility. The physiological basis of this bioassay is that 
gibberellin application causes a delay in leaf senescence in the 
broad-leaved dock plant (Rumex obtusifolius).
Method
The method used by Whyte & Luckwill (1966) was followed.
Dock leaves (Rumex spp.) were collected and stored in the dark at 
20°C. The cut ends of the petioles were kept under GDW in glass 
500 ml wide necked flasks in an incubator for 24 h. For each 
treatment four 7 mm leaf disks were removed, avoiding the main veins, 
and placed abaxial surface downwards on 2.5 cm disks of Whatman No. 1 
filter paper moistened with 0.3 ml of the test solution.
- 160 -
The pre-treated inaegualis conidial suspension filtrate was 
prepared as in Experiment 22 and serially diluted with GOW to give a 
concentration range of 0.01% to 100% filtrate.
0.01 g of Gibberellic acid (GA 3) was dissolved in 2 ml GDW + 0.2 ml 
ethyl acetate and made up to 1 litre in a volumetric flask to give a 
10 ppm suspension. This was serially diluted with GDW to give a 
concentration range from 0.00001 (1 x 10 "*) to 1 ppm. Untreated 
controls were set up using GDW and GDW +- ethyl acetate.
Each treatment was replicated four times (16 disks/treatment) and 
incubated in the dark at 25°C at a humidity between 95 to 99% RH.
After 4 days the 4 disks from each replicate were immersed in 6 ml 
methanol to extract the chlorophyll. The optical density of the 
solution at 665 nm was measured with a spectrophotometer and the 
chlorophyll content expressed as a percentage of the untreated.
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Results
Table 26
The effect on dock leaf disk senescence of a filtrate from a 
pre-treated conidial suspension of V. inaequalis at 3 x 10“* spores
% chlorophyll 
content
Treatment x absorption of untreated
% filtrate conc. at 665 nm (H^O blank)
100 0.219 117.7
10 0.217 116.5
1 0.193 106.6
0.1 0.138 74.2
0.01 0.105 56.5
GA 3 conc. ppm
1.0 0.254 140.3
0.1 0.264 145.9
0.01 0.221 122.1
0.001 0.212 117.6
0.0001 0.192 105.9
0.00001 0.185 102.2
H2O blank 0.186 -
H20 4- Et. Ac. blank 0.181 -
SE +/- 0.024
p <0.05 at 51 degrees of freedom
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Fig. 11 The effect of__gibberellic acid 3 suspensions in the 
range 1 x 10~° to 1 ppm on the chlorophyll content 
of dock leaf d isks.
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Conclusion
Data in Table 26 suggest that a gibberellin type compound is present
in the pre-treated filtrate. Clearly the "gibberellin" content of the
filtrate is very low. Comparison with the standard graph for GA 3
-4 -3
(Figure 11) suggests a content of between 10 and 10 ppm.
Filtrate data in Table 26 also suggests that at filtrate 
concentrations below 1% leaf senescence is enhanced i.e. increased 
chlorophyll loss during incubation. It is not known whether this is 
due to chlorophyll loss or chlorophyll breakdown by contaminating 
organisms but is an interesting dose related response.
Further chemical and mass spectrometry testing were carried out to 
confirm the data presented in this experiment.
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CONFIRMATORY EXPERIMENTS
EXPERIMENT 24 (a)
Objective
To confirm the presence of a "gibberellin** type substance in the 
pre-treated filtrate from a conidial suspension of inaequalis.
Introduction
Jones et al. (1963) have shown that when gibberellins are heated with 
sulphuric acid substances are produced which, under UV light, 
fluoresce with characteristic colours. This test was used to 
chemically detect the presence of gibberellins in the conidiospore 
filtrate.
Method
A pre-treated conidiospore filtrate from a 3 x 10^ spore ml~* 
suspension of V^ _ inaequalis was prepared as in Experiment 22.
Suspensions of GA 3 at 0.001 ppm and 1 ppm were prepared using the 
technique described in Experiment 24.
10 ml samples of the test solutions were heated with 50 ml conc.
H-SO, to 120°C for 20 minutes. The solutions were allowed to cool 
2 4
to room temperature and 1 ml was spotted onto a Polygram Sil G/UV 254
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TLC plate (0.25 mm sil gel) supplied by Camlab, Cambs. The plates 
were dried and viewed under UV light.
Results and conclusions
There was no fluorescence in the filtrate and this suggested 
gibberellins to be absent. However, there was also no fluorescence in 
the GA 3 sample at 0.001 ppm (the approximate concentration of 
"gibberellin" in the filtrate was shown to be between 0.0001 ppm and 
0.001 ppm [Experiment 24]). This would suggest that this test is not 
sensitive enough to detect such small quantities of gibberellin type 
compounds. This test did show fluorescence for the GA 3 solution at 
1 ppm and was considered to have worked properly.
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EXPERIMENT 24 (b)
Objective
To use mass spectrometry to analyse a filtrate from a pre-treated 
conidiospore suspension of V^ _ inaequalis for the presence of 
gibberellic acid type compounds.
Introduction
A filtrate from a suspension of inaequalis conidiospores was shown 
(experiment 24) to contain a ’'gibberellin" type material. The 
confirmatory chemical test used in experiment 24 (a) failed to detect 
this type of molecule at the very low concentrations thought to be 
present in the filtrate. Therefore, this investigation using the Mass 
Spectrometer in the Analytical Chemistry Department at Chesterford 
Park was used to analyse the filtrate for the presence of gibberellin 
type compounds.
Method
500 ml of a pre-treated filtrate from a conidiospore suspension of 
V. inaequalis at 3 x 10"* spores ml'"'*' was prepared as in experiment 
22. The pH was adjusted to 3.0 by the addition of N.HCl. 75 ml of 
ethyl acetate was added and the mixture shaken in a 1 litre separating 
funnel.
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The ethyl acetate fraction was retained and washed with 10 ml GDW to 
remove excess acid. This fraction was then rotary evaporated to 
dryness at 40°C for 30 minutes.
The crystals were re-suspended in 1.5 ml ethyl acetate (3 washings of 
0.5 ml each). This volume (1.5 ml) was reduced to 0.5 ml by bubbling 
compressed air through and the resulting sample analysed in the Mass 
Spectrometer.
For reference a technical sample of GA 3 in ethyl acetate was also
analysed.
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Results
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Figure 12. Gibberellic acid 3 standard 
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Figure 13. Mass species present in the bulk of 
the filtrate run in Ammonia Cl.
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Discussion
Gibberellins fall naturally into three groups depending on the nature 
of the substituent groups at positions 7 and 8 on ring D as shown on 
Diagram 1 below. Apart from these molecules other substances have 
been isolated from both plant and fungi which although having 
different chemical constitution to GA*s share some of their 
characteristic properties e.g. Helminthosporol (Diagram 2) isolated by 
Tamura et al. (1963) from the fungus Helminthosporium sativum.
Diagram 1
Generalised gibberellin structure
8
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The filtrate obtained from the conidiospore suspension of 
V. inaequalis could contain either a known GA or a new GA type 
substance and in an attempt to resolve this the filtrate was analysed 
in the Mass Spectrometer.
Diagram 2
Structure of Helminthosporol
CH.
OH
CHO
Figure 12 shows the result for GA 3 (the GA used as a reference 
standard in the dock leaf disk test in Experiment 24). The main ion 
mass was detected at 364 with fragmentation peaks at 259, 302 and 347.
The first run with the filtrate (Figure 13) indicated very little 
other than contaminant peaks for phthalates (di-ethyl at mass 223 and 
di-butyl at mass 279). These are commonly found where synthetic 
tubing or plastic stoppers have been used in preparation of the test 
sample. Similarly at mass 106 a fragmentation ion (probably a ketone) 
produced by phthalate degradation was found.
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It was decided to re-analyse the filtrate but increase the probe 
temperature by 5°C to 217°C. At this higher temperature (Figure 14) 
higher mass species eluted. Binks, MacMillan and Pryce (1969) 
produced characteristic GA spectra for GA^ to G A ^  and with 
reference to these it is clear that even with corrective calculation 
for atomic mass (necessary because these workers used silated esters 
and methyl esters of the GA*s) it is not possible to decide whether or 
not a GA in this range is present in the filtrate.
These data indicate the presence of high molecular weight 
fragments/ions in the conidiospore filtrate. It is not possible to 
conclude from these data whether the observed increased growth of 
inoculated apple seedlings and the delayed senescence of dock leaf 
disks could be due to any of these fragments. Nor can the question be 
resolved as to whether such a substance in the filtrate is a true 
gibberellin structure or another molecule displaying only GA 
properties.
- 174 -
EXPERIMENT 25
Objective
To study the effect of a conidiospore filtrate of inaequalis on the 
growth of apple seedlings.
Introduction
Previous experiments have shown that when a filtrate from a conidial
4suspension of inaequalis or an inoculum of <2 x 10 conidia 
ml-^ is applied to apple seedlings enhanced growth is observed 
resulting in taller plants, when compared to the uninoculated 
controls. This experiment is designed to study such seedlings and 
investigate the effects on height, internodal extension, leaf area and 
dry weight.
Method
A pre-treated conidiospore filtrate was prepared as in experiment 22 
from a 3 x 105 conidiospore suspension of inaequalis. Sixteen 
apple seedlings variety Red Delicious were used for each treatment. 
Initial measurements for overall height, internode distance (between 
Lg and L,.) stem height (from the point of cotyledonary attachment 
to the node of the youngest unfurled leaf) and leaf number were 
recorded before 16 of the seedlings were sprayed with filtrate and a 
further 16 sprayed with GDW. Incubation was carried out in a CE room 
as in experiment 19 for 14 days.
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After incubation all height measurements and leaf numbers were 
recorded. All open leaves were removed from the seedlings and their 
leaf areas measured automatically using a Crump leaf area measuring 
device.
The stems were cut at cotyledonary attachment, soil washed from the 
roots and then all parts of the seedlings including the leaves were 
weighed for fresh weight data and air dried at 50°C in an oven for 4 
days before they were re-weighed.
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Results 
Table 27
The effect of a conidiospore filtrate from a spore suspension of 
V. inaequalis at 3 x 10  ^conidiospores ml * on the growth of apple 
seedlings
SE Filtrate Untreated
Height measurements cm
Overall height 0.35 5.3 4.7
Internode (leaf 3 - leaf 5) 0.15 1.2 1.1
Stem height difference 0.35 5.3 4.9
Mean leaf number - 2.8 2.9
2
Leaf area measurements cm 
Mean area/leaf 0.51 11.2 12.2'
Mean dry weight/piant mg 
Cotyledons 5.76 9.5 10.3
Leaf (mean per plant) 14.9 245 268
Stem 5.3 72.4 80.4
Root 3.6 59.6 62.9
Water loss mg/plant 
Cotyledons 1.03 51.6 52.6
Leaf 4.16 655.5 625.9
Stem 3.5 146.5 138.6
Root 4.6 160.9 158
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Discussion
From the data presented in Table 27 it is seen that filtrate treated 
seedlings grew taller than untreated ones, although there was little 
difference between either internode distances or leaf number. Leaf 
area was slightly less in filtrate treatments.
Dry weight biomass was greater in untreated seedlings for cotyledons, 
leaves, stem and root systems. Because of this it is suggested that 
the main effect of the filtrate is to bring about increased plant 
height by increasing cell elongation rather than by increasing cell 
numbers. Internode measurements, Table 27, failed to detect 
significant growth differences because of a general cell elongation in 
the stem. Any growth differences obtained over two internodes would, 
therefore, only reflect a small proportion of the overall effect.
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SUMMARY
In this section the conidiospore filtrate was tested for the presence 
of a ’’growth promoting factor’* which could be responsible for the
enhanced growth shown by apple seedlings after their treatment with
• < 4 . .either a spore filtrate or an inoculum of <2 x 10 conidiospores
ml"1.
Bioassays for IAA and cytokinins were negative. A dock leaf disk test 
bioassay was positive for gibberellins, however, a follow up chemical
test proved negative. When the chemical test was re-run using GA^
. . . —4at approximately the levels indicated by the bioassay (10 to
-3 . . .10 ppm) it was shown not to be sufficiently sensitive to detect
these levels of gibberellins.
Further analysis of the filtrate using mass spectrometry indicated the 
presence of high molecular weight ions in the filtrate. It was not 
possible to identify any particular fragment or conclude whether the 
’’growth promoting factor” present in the filtrate was;
either i) a true gibberellin
or ii) another structure which showed gibberellin properties.
It is clear, however, that there is potential for further
investigation in this most interesting area.
Biomass analysis of apple seedlings sprayed with a conidiospore 
filtrate suggests that the filtrate affects cell water content and it 
is proposed that cell elongation could be responsible for the observed 
effect of stem elongation.
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OVERALL DISCUSSION 
The objectives of the thesis were :-
i) To propose and evaluate a novel inoculation technique for use with 
apple seedlings under controlled environment (CE) conditions and ii) 
to propose and evaluate a novel assessment technique for use in the 
evaluation of a fungicide’s performance in the control of V. 
inaequalis on apple seedlings. To this end a study of the 
host/pathogen interaction was made.
In the initial study on the effect of conidial concentration on the . 
germination of conidia of V;_ inaequalis it was shown that percentage 
germination was inversely linearly related to the conidial
concentration. This suggested that a germination inhibitor could be 
present in the conidial suspensions of inaequalis which was similar 
to the findings of Allen (1955) who showed that the rate of 
germination of uredospores of Pueeinia graminis f. sp. tritici. Eriks 
& E. Henn was inversely related to the number of uredospores present. 
Also Biehn, Williams and Kuc (1966) noted that by decreasing the
concentration of a conidial suspension of inaequalis from
5 5 - 112 x 10 to 4.5 x 10 spores ml more appressoria were formed.
Galea and Price (1986) working with Marssonina panattoniana (Berl.)
Magnus showed the presence of a germination self inhibitor concluding
that inhibition was not due to competition for nutrients.
Further data confirmed the presence of an inhibitor and showed that
the agent responsible lost its influence after 24 h. Data showed that
4
filtrates from conidial suspensions of inaequalis at 2 x 10 and
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3 x 10^ spores ml 1 contained agents capable of significantly 
reducing germination in conidial suspensions of inaequalis at 
similar spore densities. It is not known why the inhibiting agent 
lost its effect after 24 h. It could be i) that the inhibitor was 
degraded or de-activated, either by microbial or chemical action the 
mechanism responsible being unknown, or ii) the inhibitor could be 
metabolised by the germinating conidia.
Noveroske, Williams & Kuc (1964) found that washings from susceptible 
apple leaves did not contain compounds inhibitory to the germination 
of conidia of inaequalis. Therefore, it was thought unlikely that 
the germination inhibitor was coming from the host tissue and it is to 
be suggested that the conidia are responsible for the presence of the 
inhibiting agent. Muckadam (1982) observed self inhibition with 
spores of Alternaria brassicicola (Schw) Wiltshire which was similarly 
dependent on spore concentration. In another experiment the filtrate
from a conidial suspension of inaequalis at 3 x 10^ spores ml-'*'
. . 4significantly reduced the percentage germination of a 2 x 10
conidia ml-'*' suspension. A four fold dilution of this filtrate with 
GDW did not significantly affect the influence of the inhibitor.
It had been shown by Harper et al (1980) that iron reduced the
conidial germination of Colletotrichum musae. The involvement of iron
in the germination of conidia of inaequalis was investigated and
ferrous sulphate at 5 ppm was found to significantly reduce the
4 5conidial germination m  suspensions of 2.5 x 10 and 5 x 10 
conidia ml-1. Although the mechanism for its involvement in 
germination inhibition in inaequalis is unknown it could be similar 
to that for musae as suggested by Harper et al (1980).
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McCracken and Swinburne (1979, 1980) showed that uptake of iron by 
conidia of C^ _ musae cannot be involved since only the desferri form of 
bacterial siderophores would promote germination. Harper et al.
(1980) conclude that in order to stimulate germination chelators must 
first be incorporated into conidia and so release the germination 
mechanism.
The presence of anthranillic acid (AA) at 13.7 ppm in a conidial 
suspension of inaequalis at 1 x 10^ spores ml * significantly 
increased percentage germination. Since AA is an iron chelating agent 
the result suggested that iron was involved in the process of conidial 
germination of inaequalis. The combination of iron (1.5 ppm) and 
AA (13.7 ppm) resulted in a similar increase in percentage conidial 
germination. The extent of involvement of iron in this system is not 
known, however, there is some agreement between the data presented and 
that of Harper et al (1980) and it is proposed that iron could be 
contributing to the inhibition of germination observed in these 
experiments with conidial suspensions of inaequalis.
The effect of further metal sulphates was also studied. Magnesium
produced a small increase in germination whereas copper severely
reduced germination, which was not surprising in view of the
fungitoxicity of copper compounds generally. Interestingly the
presence of potassium in either conidial concentration resulted in
increased percentage conidial germination, significantly so at 
4 -1
5 x 10 spores ml . Mann and Wallace (1924) had shown that 
potassium was readily leached from apple foliage, variety Cox, by 
water and it could be that the higher levels of potassium in the
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infection droplets on the leaf surface could result in more conidia 
germinating than on a non-leaf surface, hence increasing their chances 
of infecting the host.
The use of a conidial suspension immediately after its preparation 
resulted in poor levels of infection. This was thought to be due to 
the CE room conditions being unfavourable to conidial germination and 
it was thought that starting the germination process off by keeping 
the conidia in suspension for 4 h before use might improve levels of 
infection. To keep the spores in suspension during this period their 
container was continuously rolled, the continuous rolling of the 
suspension termed "pre-treated”. This was a novel approach to 
inoculum preparation since no other work had been carried out in this 
area the detailed study of the host/pathogen response clearly required 
further investigation.
Initial results were encouraging, pre-treated conidial suspensions at
4 5 -1
2 x 10 and 1 x 10 spores ml resulted in a significant
improvement in symptom expression compared to the use of immediate
inoculation of similar spore suspensions. It was also observed that
whilst only conidial cover had been assessed other symptoms were
clearly identifiable. Throughout the test all the seedlings which had
been inoculated were noticeably stunted. Despite these complications
to the assessment it was decided to adopt the use of pre-treating the
conidial inoculum as an inoculation technique.
4 -1Symptom expression levels for a suspension of 2 x 10 conidia ml 
although improved by pre-treating the suspension were still lower than
might be anticipated for such a spore density. Similar inoculum
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concentrations had been shown to contain a large proportion of conidia 
with well developed germ tubes and it was thought that the passage of 
these conidia through the spray gun during inoculation could result in 
mechanical damage to their germ tubes. Scanning electron microscopy 
of leaves inoculated with such a suspension showed this not to be the 
case. No damaged conidia or broken germ tubes were observed. Whilst 
this does not explain the lower than anticipated level of symptom 
expression it does demonstrate the remarkable robustness of the 
germinating conidia. It was also observed that the pre-treated 
conidial suspension produced more germinating conidia with longer germ 
tubes than a similar non-pre-treated suspension. This observation 
could explain the improvement in symptom expression found with the use 
of a pre-treated conidial suspension.
The pre-treatment technique was clearly successful in obtaining 
improved infection of apple seedlings under CE room conditions but the 
method of estimating infection levels required re-consideration.
Clearly the genetical variation in apple seedlings gave rise to 
multiple symptom expression covering all reaction classes described by 
Shay and Hough (1952)
i) No macroscopic evidence of infection.
ii) Numerous or few pin-point pits; no sporulation; pits may 
coalesce to produce irregular sunken areas up to 1 or 2 mm in 
diameter.
iii) Irregular or regular chlorotic or necrotic lesions varying from 
2-5 mm; no sporulation.
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iv) Restricted necrotic lesions with sparse or abundant 
sporulation. Development does not result in defoliation.
v) Extensive, abundantly sporulating lesions resulting in 
abscission of severely affected leaves.
All of which should be considered when assessing for seedling
infection. Classically levels of infection are recorded by visual
assessment of either leaf area infected, usually expressed as a
percentage, (Rich & Richards, 1959) or lesion counts per leaf (Kirkham
& Hignett, 1971). In each case only single symptoms are considered.
It is proposed that symptom expression be regarded as being of two
types. Firstly, Total Disease Expression (TDE) values which was the
assessment of all the foliar symptoms and secondly stunting, where the
difference in height, during incubation, of the inoculated seedlings
was compared to the height difference of the uninoculated. Yamanaka &
Honkura (1978) classified five types of symptoms for the fungus
Gibberella fu.iikuroi (Sawada) Ito on rice: (a) elongation; (b)
elongation, then normal growth; (c) elongation, then stunted growth;
(d) stunted growth and (e) no growth. This was the first departure
for assessment of disease expression from the more classical methods
of assessing foliar symptoms. In an experiment where apple seedlings
(variety McIntosh) were inoculated with pre-treated conidial
suspensions ranging in concentration from 1 x 103 spores ml-1 to 
5 -1
5 x 10 spores ml stunting and TDE values were well correlated 
with conidial inoculum concentration. The results suggested that 
following inoculation with conidial suspensions of V inaequalis TDE 
and stunting values gave a better indication of infection levels in 
apple seedlings than the assessment of conidial cover alone, which was
not significantly correlated with inoculum concentration.
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In a further experiment using the staining technique described by 
Preece (1959) it was shown that there was a good correlation between 
lesion number and both stunting and TDE data. This was an encouraging 
result and provided valuable evidence for the validity of either 
assessment technique for estimating infection levels in apple 
seedlings inoculated with V^ _ inaequalis.
It was considered that varietal response could be a factor in the host
reaction and apple seedlings, varieties McIntosh and Common Crab were
. . . 3
inoculated with similar ranges of conidial concentrations (1 x 10
to 1 x 105 spores ml “S. For both varieties TDE and stunting
values were strongly correlated with conidial inoculum
concentrations. It was also observed that seedlings which had been
inoculated with the same conidial concentration although showing
similar stunting values differed markedly in the class of symptom
expression. There were also seedlings which although having been
inoculated and showing stunting were conspicuous by an almost total
absence of foliar symptom expression. The ubiquitous stunting
response of apple seedlings to conidial infections of V^ inaequalis
whilst being present in both varieties tested is clearly to be
regarded as another symptom. This regular reduction in growth in both
varieties in response to increasing inoculum concentrations further
confirms the validity of using measurements of growth as a means of
assessing infection in the host/pathogen relationship. It was
3
interesting that at the lowest concentration (1 x 10 conidia 
ml *) there was a stimulation in growth of both seedling varieties.
This result suggested that conidial suspensions of V^ _ inaequalis could 
cause apple seedlings to show either a stunting or a growth
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promotional response dependent upon inoculum concentration. To
investigate this apple seedlings were inoculated with conidial
. 2 4suspensions of inaequalis m  the range 1 x 10 to 5 x 10
spores ml- .^ The results confirmed growth promotion at conidial
4 -1concentrations equal to or less than 1 x 10 spores ml
As the spore density decreased promotion increased. It was
anticipated that as conidial concentration was successively reduced
growth promotion would begin to decrease and ultimately have no
effect, however, this did not occur. At the lowest inoculum
2 . . -1concentration tested (1 x 10 conidia ml ), growth promotion was 
still increasing. It was thought that this could be explained by two 
antagonistic effects and the following hypotheses were proposed
1 Conidia only produce stunting in the host.
2 The filtrate contained a factor which promoted growth.
On the basis of these hypotheses at high inoculum concentrations the 
promotional properties of the filtrate were easily masked by the 
stunting caused by the conidia. However, as inoculum concentration 
decreased the influence of the filtrate became more dominant and 
eventually resulted in taller plants. Another experiment investigated 
pre-germination at a high conidial concentration with dilution to the 
required spore density being made immediately before inoculation.
This modification to the technique was thought necessary because of 
the very low spore densities used and the expected loss of conidia by 
adherence to the glass wall of the container. At the lowest 
concentration (100 conidia ml-1) any loss would have a large effect
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upon the resultant spore density. Before proceeding the effect of 
such a modification to the techniques on the relationships of stunting 
and TDE values was made. It was shown that the point at which 
dilution of inoculum was carried out had little effect on the 
resulting symptom expression.
To test the hypothesis a series of experiments involving the use of
filtrates from pre-treated conidial suspensions were instigated. The
effect of removal of the filtrate and its replacement with GDW was
studied (washed treatments). Although there were differences in the
values obtained for stunting between washed and unwashed treatments
these were not statistically significant. It was nevertheless
interesting that washing the conidia resulted in a small increase in
4 5
stunting over the inoculum range of 1 x 10 to 1 x 10 conidia 
ml 1, compared to the unwashed treatments. These differences could 
well have been smaller than expected because although the spores had 
been washed, and re-suspended in GDW, they could still be capable of 
releasing the growth promotional factor into the suspension, although 
this would be at a much lower concentration than with the unwashed 
suspension, possibly whilst on the leaf surface after inoculation. 
Therefore, the resultant antagonistic effect of the growth promotional 
factor on the stunting effect produced by the conidia would be less 
with the washed suspension. This trend was found and would suggest 
that the filtrate had an influence over the host parasite interaction.
The effect of a pre-treated conidial suspension filtrate on the growth 
of apple seedlings was investigated. Application of a range of 
dilutions of a filtrate from a pre-treated conidial suspension of
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5 -1
V. inaequalis at 3 x 10 spores ml was found to promote the 
growth of Red Delicious apple seedlings. Although not significantly 
different from the untreated each dilution of the filtrate produced a 
growth promotional response in the seedlings. It was interesting that 
there was no dose response over the dilution range used. When left 
standing for 24 h the suspension lost its growth promotional 
properties. The reason for this is not known* but microbial or 
enzymatic degradation would seem more likely than hydrolysis. Since 
hydrolytic rate increases with increasing temperature, boiling the 
filtrate would be expected to decrease the activity of the growth 
promoting agent, this did not occur. The results showed that boiling 
the filtrate had little effect on its ability to promote growth and. 
furthermore indicated that the growth promoting agent in the filtrate 
was unlikely to be a protein.
Since dilution of the filtrate had little effect upon its potency, the 
reaction of apple seedlings to a dilution range of a forty fold 
concentrated filtrate, produced by rotary evaporation was studied.
The results, although not significantly different from those of the 
untreated, show substantial increases in the mean height difference 
values caused by the presence of the filtrate. No clear dose response 
was found but the concentrated filtrate produced increased growth 
responses in the apple seedlings compared to the normal 
non-concentrated filtrate. When this concentrated filtrate was back 
diluted to approximate to the normal non-concentrated filtrate it was 
seen that the growth responses of apple seedlings were similar in both 
treatments producing growth promotional responses in apple seedlings. 
The effect of the filtrate on water content and dry weight biomass was
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studied. Results suggested that apple seedlings treated with a 
conidiospore suspension filtrate grew taller than similar untreated 
seedlings because the filtrate increased cell elongation rather than 
by increasing cell numbers, i.e. dry weight biomass was greater in 
untreated seedlings for cotyledons, leaves, stem and root systems. 
Such effects on growth were detectable as significant differences as 
overall or stem height values but became too small to be similarly 
significant when considered on an internodal basis. There was no 
significant increase in leaf production. It is proposed that cell 
elongation could account for the water loss and stem lengthening data 
obtained. These experiments provided further evidence for the 
presence of a growth promoting agent in the filtrate of a pre-treated 
conidial suspension of inaequalis and further supported the 
hypotheses that :
1 Conidia only produce stunting in the host,
and 2 The filtrate contains a factor which promotes growth.
Spotts and Ferree (1979) working on photosynthesis, transpiration and 
water potential of apple leaves infected by V_;_ inaequalis could not 
establish an initial scab-induced increase in photosynthesis which had 
been demonstrated with other pathogens, e.g. powdery mildews, Allen 
(1942) and rusts, Livne (1964). However, data presented in this work 
suggested that some form of metabolic increase was brought about by 
conidial filtrates resulting in taller plants. It could be that since
Spotts and Ferree (1979) worked with conidial concentrations in excess
4 -1 .of the threshold of 1 x 10 spores ml that whatever influence
the filtrate might have had it would have been masked by the stunting
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effect of the conidia. It would be interesting to repeat the work of
Spotts and Ferree (1979) with either lower conidial concentrations or
conidial filtrates. The conidial suspensions used by Spotts and
Ferree (1979) and in fact all workers are artificially high when
compared to the spore densities observed in orchards, Hirst and
-3Stedman (1961) recorded a maximum of 1300 m air which approximates 
to 0.0013 spores ml~^.
Furthermore if conidia at the field concentrations observed by Hirst 
and Stedman (1961) retain their ability to stimulate the growth of 
their host then it is not surprising that the data from the filtrate 
work presented in this thesis showed no dose response.
There is a parallel between the results presented in this thesis and 
the work of Yamanaka & Honkura (1978) and Sun & Sfl/der (1978) who 
worked with fu.i ikuroi on rice. Apple seedlings infected with 
V. inaequalis showed growth responses from stunting through to growth 
promotion. This symptom range is similar to that observed by Yamanaka 
& Honkura (1978) with fu.i ikuroi on rice. A further parallel to 
G. fu.i ikuroi was shown by the growth response of the apple seedlings 
to inaequalis at varying inoculum concentrations, Sun & Synder 
(1978). They reported that varying inoculum potential of G^ fu.i ikuroi 
produced different types of growth symptoms on rice. Kirkham &
Hignett (1971) report that the host/pathogen system of inaequalis 
is under hormone control, as shown by their work with kinetin, which 
altered the vertical distribution of inaequalis on apple foliage. 
Also they showed that the effects of fungal metabolites (from 
V. inaequalis cultures) were opposite to the effects of kinetin. Both
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fungal metabolites and kinetin were shown to considerably alter 
disease distribution which suggested that they both ultimately 
affected the same disease control systems. Kirkham & Hignett (1971) 
were only concerned with foliar symptoms and it would be of interest 
to see if the fungal metabolites they used had any effect on the 
growth of apple seedlings.
Further analytical work with a conidiospore filtrate of inaequalis
showed IAA and cytokinin type chemicals to be absent. However, a
positive result for gibberellins was obtained with the dock leaf
(Rumex obtusifolius) disk test. This test is physiologically based on
the delayed senescence induced by gibberellins. Data suggested a
-4 -3
concentration of between 10 and 10 ppm and at such low 
concentrations the chemical confirmatory test based upon fluorescence 
(Jones et al., 1963) was insensitive.
Further analysis of the filtrate was made using mass spectrometry.
Data from such an analysis could not specifically identify any 
commonly known gibberellic acid. However, high molecular weight 
ions/fragments were found in the filtrate. It is possible that the 
growth promoting factor present in the filtrate is a unique chemical 
produced by inaequalis. Although the chemical structures showing 
gibberellin type activity so far isolated are somewhat limited there 
are other substances of different chemical constitution that share 
some of their characteristic properties e.g. helminthosporol produced 
by the fungus Helminthosporium sativum. This was isolated by Tamura 
et al. (1963) and in common with gibberellic acid (GA) stimulated 
growth of both tall and dwarf varieties of rice. However, in contrast
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to GA there was no effect on the growth of dwarf maize mutants. In 
common with GA helminthosporol also shares one of the GA's most 
characteristic properties, the induction of x-amylase synthesis in the 
barley and rice endosperm test.
Another chemical isolated from Phaseolus seeds, phaseolic acid, has 
been isolated (Redemann et al., 1968) which had distinct gibberellin 
like properties, but was quite unrelated in structure. This 
stimulated the growth of dwarf pea and maize varieties, induced 
x-amylase synthesis in barley and retarded senescence in barley leaves.
Mees (1965) reported a group of synthetic substances which stimulated 
plant growth in a way superficially resembling that of the 
gibberellins. These are represented as ethylene-bis-nitrourethane 
(EBNU) and related substances. EBNU treatments increased stem length 
of intact plants, particularly peas, while inhibiting root growth. 
However, its activity is much less than that of GA and the pattern of 
responses is varietally related. Morgan (1965) reports that EBNU 
unlike GA has no effect on dormancy breaking of lettuce seed. Clearly 
EBNU cannot be classified as a gibberellin yet there is a suggestion 
that it may augment final organ length by prolonging cell extension, 
perhaps by retarding the natural cellular ageing processes.
Data presented in this thesis strongly suggest the presence of a 
gibberellin like growth promoting factor in the filtrate of a 
conidiospore suspension of V^ _ inaequalis. Purification and 
identification of the factor would be a difficult and demanding 
project which is outside the scope of this thesis but does present the
opportunity for further study in this area.
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Throughout this part of the work no other form of foliar disease 
symptom expression associated with conidial inoculations was observed 
in any treatment involving the exclusive use of filtrates.
Clearly since the measurement of seedling height was crucial to this 
work it was thought necessary to establish the most appropriate method 
of measurement. Three methods for estimating height difference values 
were compared;
1 Overall height (the method used to date)
2 Stem height
and 3 Internodal distance
The results showed that each method of estimating height difference 
data could detect the responses of stunting or growth promotion of 
apple seedlings caused by inoculations with conidial suspensions of 
V. inaequalis. All the methods gave similar trends but it was 
proposed to continue using the overall height measurements because 
this was the most convenient method which also gave the greatest range 
of values.
When choosing seedlings for an experiment there was always a range of 
initial heights although selection of them was made with a view to 
uniformity. The effect of a seedling’s initial height on its
subsequent growth following inoculation with a conidial suspension of
4 -1
V. inaequalis at 1 x 10 spores ml was studied.
Within the range of initial height categories from <5.5 cm to >9.6 cm 
a trend for the smallest category of seedlings to grow less fast than
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the tallest was found, although, differences were not significant. 
Since selection of such plants would be avoided when setting up an 
experiment the responses of seedlings normally selected can be 
considered to be similar.
Previous work had shown good correlation between TDE, stunting values 
and inoculum concentrations. In all work to date spore density was 
adjusted to produce dose response. It was proposed that a similar 
effect could be produced by applying a dilution series of a fungicide 
to a single conidial concentration. Since the efficacy of a fungicide 
is dependent on its application rate the use of a range of application 
rates would be expected to have a differential effect on the inoculum 
to which the seedling is exposed.
Red Delicious apple seedlings were sprayed with suspensions of the 
fungicides dodine or captan in the range 62.5 to 500 ppm and
inoculated 24 h later with a conidial suspension of inaequalis at
5 -1 . .
1 x 10 spores ml . The fungicidal effect of high concentrations
of dodine and captan exposed the seedlings to the equivalent of low
inoculum levels which resulted in a growth promotional response. When
the fungicides were applied at the lowest concentration tested
(62.5 ppm), where they were least effective against the pathogen,
stunting of the host was observed.
The response of the apple seedlings to the combined effects of a range 
of fungicide concentrations and fixed high inoculum concentration 
paralleled that of a range of spore concentrations. Those 
observations reinforced the evidence of previous experiments which had
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suggested that low inoculum concentrations induced the host to grow 
taller than untreated seedlings and higher conidial inocula caused 
stunting.
The use of the techniques for inoculation and assessment of symptom 
expression were appraised for their employment in the evaluation of 
new chemicals as potential fungicides for the control of inaequalis.
From the results obtained the exclusive use of either seedling height 
or foliar symptom expression was thought to be inappropriate. This 
was evident because of the range of symptom expression shown by 
V. inaequalis and instead it was suggested that a combination of TDE 
and phytotoxic stunting values could provide a powerful tool for 
analysing both the chemical's performance against this pathogen and 
also its safety towards the host.
The TDE and phytotoxic stunting values were ranked and summed for each 
chemical. The resulting totals could then be compared one with 
another and the commercial standard such that selections for further 
testing could be made on the criteria of equivalence to or better than 
the standard.
Disease stunting data was of value in the overall consideration of 
chemical performance and in deciding whether a seedling was infected 
when foliar symptoms were absent. However, the values obtained from 
seedlings which had been influenced by a chemical possessing a growth 
regulatory effect would be difficult to interpret.
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It is suggested that the methods described for inoculation, 
incubation, assessment and data handling could prove very useful in 
the evaluation of novel chemicals for the control of inaequalis.
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RECOMMENDATIONS FOR A FUNGICIDE SCREENING TECHNIQUE
Seedling size For each treatment eight apple seedlings should be 
selected when their fourth leaf has unrolled and begun to expand i.e. 
at the fourth leaf growth stage.
Inoculum production Conidial suspensions of V^ _ inaequalis at 1 to 
6 -1
3 x 10 spores ml should be maintained in constant motion by 
rolling the container continuously for 4 hours before use (pre-treated 
suspension).
Inoculation For each chemical application four seedlings are
inoculated. The remaining four are sprayed with GDW instead to act as 
phytotoxic controls. Incubation is as described below with all 
seedlings.
Incubation After spraying the seedlings with inoculum they should
be covered with a polythene tent to maintain high humidity ensuring
the integrity of the droplets of inoculum on the leaf surface.
Incubation should be in a CE room maintained at 18°C for 16 hours and
14°C for 8 hours each day. For the first 48 hours the seedlings are
kept in the dark, thereafter the polythene tent should be removed and
the seedlings illuminated under a light intensity between 1127 and 
-2
2255 Wm for the 18°C period. Symptom development occurring after 
a further 7 to 14 days.
Assessment i) stunting (S) The overall height of all seedlings 
(I) should be made before chemical application or inoculation. After
incubation final height (F) data should be collected and the degree of
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stunting calculated using the following equations
a) F. - I. = D.
1 1 1
increase in height of inoculated (i)
seedlings.
increase in height of uninoculated (u)
control seedlings.
c) D. - D = S
1 u height different or stunting (S) due to
inoculation.
(Substitution of height data from the chemically treated uninoculated 
(phytotoxic) controls in (a) will produce data for the chemical alone 
effect on the seedlings).
ii) Foliar symptom expression (TDE) Using a scale of 0 to 10 where 
0 = no visible symptom and 10 = 100% of the leaf affected by that 
symptom, the top uppermost leaves (three and four at the time of 
inoculation) should be visually assessed for symptom expression. The 
following symptom classes are recognised :
a) Leaf distortion plus mottle (plate 10, p. 84)
b) Scorch (leaf bronzing), (plates 11 and 12, p. 85 and 86)
c) Conidial cover (plate 13, p. 87)
d) Conidial cover combined with distortion and mottle (by scoring
symptoms a) and c) separately but combining their scores (plate 
14, p. 88)
The sum of all scores for these two leaves provides a Total Disease 
Expression (TDE) value.
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Introduction
Venturia inaequalis (Cke) Wint., the causal agent of apple scab, is an 
important target for use in the primary screening of novel fungicides under 
constant environment (CE) conditions. With many thousands of materials 
being screened annually the use of apple seedlings becomes obligatory. 
Although studies on the artificial inoculation and infection of apple root 
stocks and seedlings with Venturia inaequalis are well documented (1-4,6), 
none of these methods was found by the author to cause infection with 
sufficient reliability and uniformity to form a satisfactory fungicide 
screening procedure. A more reliable technique was therefore sought.
Methods
Red Delicious apple seedlings grown in .7 cm pots were used at the four leaf 
stage, 8 replicates/treatment. Pre-treatment of conidia by continuously 
rolling the suspensions in sealed glass screw top jars for 4 h before 
inoculation was compared to the traditional technique of immediate 
inoculation. A batch of freshly harvested conidia was adjusted to 
concentrations of lxlO5 , 5x10^ and 2x10^ conidia ml“l. Each 
concentration was halved one half being used immediately and the other half 
pre-treated for 4 h. Inoculation was by means of a compressed air gun at
0.7 kg cm-2. Each suspension was sprayed onto the adaxial leaf surface 
until droplets were seen to form. The seedlings were placed on a wire 
grill in a tray containing warm water and covered with a polythene tent to 
maintain high humidity. Incubation was in a controlled environment room at 
18°C for 16 h and 14°C for 8 h for each day. For the first 48 h the 
seedlings were kept in the dark, thereafter they were illuminated at a 
light intensity between 1127 and 2255 Wm~2 during the 18°C period.
After 14 days incubation conidial cover was assessed using a scale of 0-10 
covering the range 0 to 100% leaf area diseased. The experiment was 
repeated twice usina separate batches of conidia. Pre-treated conidial 
suspensions of 3x10^, lxlO5 and 5xl04 ml“l were sprayed onto 8 
apple seedlings/treatment which 24 h earlier had been sprayed with 
suspensions of captan, dodine, fenarimol and zineb at 500, 125 and 31 ppm. 
After 14 days incubation disease levels were assessed and expressed as 
percentage protection.
Results
Table 1 Comparison of pre-treatment and immediate inoculation techniques
% area infected
4h pre-treatment immediate inoc.
Spore cone. Batch Number Batch Number
conidia ml~l 1 2 3 , 1 2 3
1 x 10^ a* 32 24 26 14 16 21
5 x 104 ab 14 14 36 5 2 16
2 x 104 b 7 18 9 4 7 12
* Values followed by the same letter are not significantly different at 
(p = 0.05) using the Student Newman Keul's Multiple Range Test.
46
Table 2 The use of conidial pre-treatment in the screening of captan, 
dodine, fenarimol and zineb
concentration
Fungicide/inoc 
 
 conidia ml-1
% protection 
Fungicide conc. ppm 
500 125 31
captan 3x10^
lxlO5 
5x10a
dodine 3x10^
lxlO5 
5xl04
fenarimol 3xl05 
lxlO5 
5xl04
zineb 3xl05
lxlO5 
5x10*
97
87
88 
100
94
79
100
100
100
81
97
100
100 7
91 65
92 0
100 94
93 85
54 33
100 100
100 83
100 98
48 46
91 49
86 21
Discussion
Pre-treatment of conidia for 4h before inoculation has proved to be 
reliable for the evaluation of novel compounds and comparison of existing 
fungicides. Differing conidial concentrations do not markedly affect the 
results which show the ability of the test to not only identify active 
materials but also by carefully selecting the dose rates small differences 
in efficacy can be established. Moreover since both conidia and ascospore 
sources have been shown to react in a similar manner to most fungicides 
(5), data from tests with conidia may be extrapolated to ascopores with 
reasonable confidence. The superiority of pre-treating conidia, compared 
to the more traditional inoculation methods, is also shown.
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